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1. mhhs Of Tug mnGinmmnG rmcnonhh spECiriCATioNs 

TO PROVIDE A CURRENf, ACCURATE , AND EASILY UPna?&Rrr 
DESCRIPTION or THE FWCTIONAt cSARACTERisTICS OF tSe ISfof 

Awu FUNCTiOWS OF fHE SYSTEMS AS A WHOLE AS Wffr.r lk tmp 

KEeIr?cfT,«2r «fr ."S'"""" ""="°^*' cohpSStsJ' m 

SPECIFlCAf lOMS mhh khm DESCRliE THE MOTIVATIOms &hq tuv 
inmS* BEHIND THE FUNCTIONAI. DESIGN, A FUNCTIONAL XOMpSSeKt!! 

?Hf'rf?Hf R^^JIfLT'^ OF fHi: syIteh, SUCH as'^Se 'ebox' m 

PiLtHSf^S' RATHER THAN A PHXSICAIi PART OF THE SYSTEM SUCH AS A 
PARTICULAR BOARD, EACH CHAPTER WII,L DESCRIBE A DIPFEREN? 

iSf i! °*^^ COMPOMEKf, EXCEPT WHERE THIS IS NfiCESSART IN 
ORDER TO UNOERSfAMD THE FUNCTIONS, IN OTHER WORDS fHESE 
FUNCTIONAL SPECIFICATIONS ARE NOT INTENDED TO SERVE AS DElflr 
SPECIFICATIONS AS WELL. HOWEVER SOME OF THE INTERFAcli BeTliew 
^^'^^^^J^^^^^^^'l^mk BE DESCRIBED EVEN i^HEN THEfARE Sot 
lltlf'f ^° ^"^ PROGRAMMER. THEREFORE ANOTHER GOALOF THE 
FUNCTIONAL SPECtFlCATlONS IS TO ENSURE THAT THE FUNCTIONAL 
COMPONENTS WORK TOGETHER PROPERLY AS A SySTEM, ^WNCTIONAL 

FINALLY EACH CHAPTER WILL CONTAIN AN ERROR HANDLING AND 
ERR^If WH?JS'IL^!Sf °^ ^«S SECTION WILL DESCRIBE ALL OF JhE 
SOF^SfRf^ rf ®«f? JSf J°^ ^®*^^™ 8T THE HARDWARE AND 
af^^TniS • ,^",,fI^^«OESCRIiC THE RECOMMENDED SOFTWARE RECOVERY 
mlm IppILI^^ ''ff SJff THE ERROR INFORMATION AVAILABLE FOR 
cScT^vr^Jf ^;»«.JLJfituf ^S?J^^ "^"^ STRATEGY FOR PERFDRMING 
COMPmInJ ^«rr*^® 5«!iHo^ MAINTENANCE FOR THE FUNCTIONAL 
COMPONENT, SEE CHAPTER 1,5, SYSTEH ERROR HANDLING AND 
MAINTAINABILITY FOR DETAILS ASQUf WHAT WILL BE IN EACH CMPTERf 

JLnLJ!^Sf«P^E ^"*'' ^"^®^ SPECIFICATIONS SHOULD HAVE BEEN 
PRODUCED EARLIER THAN THIS. IN FACT THEY SHOULD HAVE BErw Dnur 

BEFo^f ^;i/??i!« ^^^ci"^*^w^s WHICH iHoSLD 'Save' BEsf dIe 

BEFORE THE FIRST BOARD WAS SUBMITTED TO LAYOUT. HOWEVER. MOST 
or THE^ COMPONENTS HAVE HAD ONE OR MORE MEMofpUBLlS ?i JhI 
?SJ°«*if f rnf S./"® »«^^** REVIEWED . THESE MEMOS WILL sIrVE AS 
If f , **S«f /®«„If f f *^*''™***® FUNCTIONAL SPECIFICATIONS WHICH 
hJvI A cSlcfof ?ff «rS?S? ^^l FROM NOW ON THE ENGINEER^ 
awn ^«?S?H®™.2^«,^^^ ®^**^*^^ FUWCTIONAL SPECIFICATIONS MEMOS 

Sa?e ISlf ffrnLnSf Jn'?.^J^! °^ ^^^ CONTACTING TOM HASTMaiio 
WAVE THEM INCORPORATED INTO A NEW OR EXISTING CHAPtpr ne vup 

engineering functional specifications. chapter of the 

n?fSpfiL!fi!!f^ ^^ PLACED ON CLARITY OF DESCRIPTION AND SPEED OF 
DISTRIBUTION, ENGLISH, STYLE, AND APPEARANCE WILL BE 
f S?p?ff ?S S!^^ ^^ SECONDARY IMPORTANCE. EA^H CntplER SiLL Ie 

PRQpR^Sf ^ ^o^ifif «*^f ^*^^^ ^^^^ "^^^^ y^^J^' RTRANS; AND runoff: 
rlS^D^SfA E^^!^ ^^^^ ^^^^ BE ISSUED FREQUENTLY WITH COMPUTER 
?ISI TiSl«f ff fL ^. ff f /11.C0M. UPPER.LOWER EaIe INPU? 
VT05 TERMINALS AND UPPER^LOWER CASE LINE PRINTERS WILL BE US«D 
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TO PPINT EACH CHAPTER OH 8*1/2 B¥ U l«CH TELETXPE PAPER. 

THE FUNCTIONAli SPECIFICATIONS DESCRIBE THE HARDWARE AND 
FIRMWARE, THEY WII/Ii 8E THE DOCUMENTS FROM WHICH THE SOFTWARE 
ENGINEERS AND 0IAGNOSTIC ENGINEERS WRITE THEIR PROGRAMS, THE 
FUNCTIONAli SPECIFICATIONS Wlhh SERVE AS INPUT TO THE TECHNICAIj 
WRITERS WHO ARE WRITING HARDWARE, PROGRAMMING AND MAINTENANCE 
MANOAliS, THESE MANUAIiS WILL CONTAIN AW, OF THE INFORMATION IN 
THE FUNCTIONAL SPECIFICATIONS AND SO WILL SUPERSEDE THEM, 
HOWEVER, THE FUNCTIONAL SPECIFICATIONS WILL CONTINUE AS THE 
SOURCE DOCUMENT FOR INTERNAL USE ONLY, 
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2, MACHINE VERSIONS 

FOUR VERSIONS OF THE MACHIftfE ARE PI^AKNEO! 
1,3 BREAOaOARD MACHINES 

2, 5 PROfOTlfPE MACHIJES 

3, 7 PRB*pROfiUCfI0N MACHiNES 

4, N PRODUCTION MACHINES 

fHE 1080, 2040, AW& 2060 VZhh USE THE SAME Kl^lO CPU WITH 
DIFrERENT ARRANGEMENTS OF OTWER FUNCTIONAl, COMPOMENTS, THE 
FUNCTIONAL SPECIFICATIONS Wll,!, DESCRIiE THE PROPUCTIOK MACHINE 
AHD FIRST RELEASE MICRO-CODE, EDITORIAL NOTES IN SQUARE 
BRACKETS WILL BE USE0 TO FLAG OMISSIONS, CEANGESf OR 
DIFFERENCES »ET«EEN THE PRODUCTION MACHINE AND ITS 
PREDECESSORS? THE BREADBOARD, PROfOTTPE, AMD PILOT VERSIONS 
AND THE KIIO, THESE COMMENTS WILL ALSO INDICATE ANY FUNCTIONAL 
ECOS DONE TO THE PREDECESSORS DURING CHECKOUT OR FUNCTIONAL 
CHANGES IN THE MJCRO-CODfi. THUS THE FUNCTIONAL SPECIFICATIONS 
WILL SERVE AS A LIVING DOCUMENT DURING CHECKOUT, AN APPENDIX 
WILL ALSO SUMMARIZE THESE DIFFERENCES, 



3, REVIEWS OF FUNCTIONAL SPECIFICATIONS 

EACH CHAPTER WILL BE ISSUED SEPARATEl*^ AS SOON AS IT IS REAOr, 
HOST CHAPTERS WILL THEN HAVE A REVIEW, SINCE MOST OF THE 
COMPONENTS HAVE HAD REVIEWS BASED ON EARLIER MEMOS, THESE 
REVIEWS SHOULD BE VERY BRIEF AID SHOULD COVER WHAT HAS CHANGED 
SINCE THE MEMOS WERE WRITTEN, FUNCTIONAL SPEC REVIEWS WILL BE 
HELD BEFORE DESIGN REVIEWS Or BOARD LA3f OUT AND RELAXOUTS, TOM 
HASTINGS (X65123 WILL KEEP EXTRA COPIES OF THE FUNCTIONAL 
SPECIFICATIONS, IF 3fOU HAVE QUESTIONS, COMMENTS, CHANGES, YOU 
CAN SIMPLY MARK UP YOUR copy AND SEND IT TO HIM, HE WILL 
RETURN IT IMMEDIATELY OR SEND YOU A FRESH COPY, SUCH QUESTIONS 
AND COMMENTS WILL BE CONSIDERED AT THE DESIGN REVIEW OR WILL BE 
TAKEN UP WITH THE ENGINEER INDIVIDUALLY, THEREFORE YOU DO NOT 
NEED TO ATTEND THE REVIEW UNLESS YOU WOULD LIKE TO, 
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4, ORGANIZATION OF CHAPfERS 

THE CHAPTERS OF THE EnGIHEERInG FUNCTIONAi, SPECIFICTION HAVE 
BEEN £)iri0E0 JNTO 7 GROUPSl 

0, INTRODUCTION 

1, SySTEM 

2, CPU 

3, MEMORI 

4, CONTROLLERS AND PERIPHERAI^S 

5, IHTERfAClS BETWEEN FUNCTIONAL COMPONENTS 
A, APPENDICES 

CHAPTER NUMBERS ARE TWO NUMBERS, M,», THE FIRST NUMftER 
SPECIFIES ONE OF THE 7 GROUPS, THE SECOND NUMBER SPECIFIES A 
CHAPTER WITHIN THE GROUP, IN THIS wA¥ NEW CHAPTERS CAN BE 
ADDED AND POT AT THE END OF THE APPROPRIATE GROUP, SEE CHAPTER 
0,J, TABLE OF CONTENTS FOR A LISTING OF ALL OF THE CHAPTERS, 

5, CHAPTER FORMAT 

?«E" S?JfP^„?^^*' ^^^^^ **^« ^ ^"^^ ^^^^ °^ A. STANDARD FORMAT. 

I?fMJr^^^JS^fT«S^/**^ *'*^°^* °^ THIS CHAPTER SERVES AS AN 
EXAMPLE. EACH LINE IS EXPLAINED AS POLLOWSI 

TITLE OF SPECS AND CHAPTER NUMBER AS CHAP M,», 

t21^ ''Jfff ^Sr ^i^r^'^SHF^^^S^"^^"^^'^^** AND ALL UPDATES, 
THIS WILL BE THE KLIO LIST INITIALLY, CHAPTERS COVERING 

S^f n?2^LJSfi*^'f^^"^^ ^^^ «*^^ A ^^^^^ CIRCULATION, INCLUDING 
THE DEC S5fSTEM 10 SOFTWARE ENGINEERING GROUP, 

SINCE TITLEt IS THE TITLE OF THE CHAPTER, IT IS USUALLY THE 

REvf .iSr .ilLf '^^IJS^i^i^ FOLLOWING THE TITLE IS THE 

REVISION NUMBER, THE FIRST DISTRIBUTION IS CONSIDERED REVISION 
?Hr»/T«'^nL OP^IO** DESIGNATION IS INCLUDED IN PARENTHESES IF 

f«Jr'nSL,.^® * ^^^^^ DESCRIPTION Of THE STATUS OF THE CHAPTER, 
J»oI^SSIfS. A REVIEW ANNOUNCEMENT, THE REVIEW STATUS OF THE 
SUPERSEDED MEMOS WILL ALSO BE MENTIONED, 

0F*.«^^ ^**^^*^^ '***'^' ^^''S«^J°»' AiO SENERATION NUMBER OF 
THE SOURCE FILE, USUALLY IT WILL BE MPN,SPC WHERE M AND N ARE 
THE CHAPTER NUMBERS, 

RDM It IS THE PROGRAMMING DEPT, MEMO # IN THE 200 SERIES, 



pSlrIr2*^'i2S^^'*^^'*^®*'^'«^ FUNCTIONAL SPEC - CHAP 0,2 PAGE 7 



PREFACE • REV I 



DlIfRIBUffoil!^^^^^^ °^ ^"^ ^*''®^^ REVISION AND HENCi: 

S#«n«^^Sn^ S!^°i ^^®^^ ^"^ Tlfl.ES, AUTHORS, AW DATES Of THE 
MEMOS TO THE KLIO LIST WHICH THIS CHAPTER SUPHRSEnrs Ii t hp 

rnS?«r ?v.S!,,J* °^ """ SOME EDITING A«0 AOOEB EXPLANATION, 
CODING tXAMPLES, ETC, NO INFORMATION Bill, BE iEri OUT; 

ruSc?fo»lL ioMp'oNENT*!' °' "" ^'""^^^ RESPONSIBLE TOR THE 

APPROVED! IS THE iNOICAflON THAT THE RESPONSIBLE ENGINEER QU a 
I^GNAlSRE'^'fNrSJff If f^^CiriCAflON. if Js'Lu^vIlen? W A 

EDITOR? IS the; technical PERSON PREPARING THE CHAPTER, 
TypISTS IS THE PERSON WHO TYPED REV 0, 

ASSTRACT • EACH CHAPTER MILL HAVE A SHORT ASSTRACT DESCRIBING 
THE CONfENTS OF THE CHAPTER, «i9«i«ftwx ytSCRIBING 

SPEctllCA?roJf ^ %f ?«"?LSr REVISIONS TO THE FUNCTIONAL 
E«rTirrB?IJ fSll^,„^^ ^^ IDENTICAL TO THE COMPANX STANDARD FOR 
ENGINEERING SPECIFICATIONS, w^^nt^nriw rwn 
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6, PRODUCTION OF THE SPECIFICATION 

ONE or THE GOftl,S IS TO MAKE IT AS EASY AND FAST AS POSSISi,E TO 
INPUT AND EOIT THE SPECIFICATIONS, Bt SEe«lTARlES , SKILLED 
COMPUTER TYPISTS OR ENGINEERS, VTED, A SIMPLE SCOPE EDITOR, 
WILL BE USED WITH AN UPPER^LOWER CASE INPUT VT05 TO PRODUCE THE 
SOURCE FILE WITH EXTENSION ,SPC. THE TYPIST TYPES AND PORMAfS 
TEXT AS IF USING AN ORDINARY TYPEWRITER FOLLOWING A FEW SIMPLE 
ROLES SPECIFIED SiLOW, THEN THE FILE IS PASSED THROUGH RfRANS 
(RUNOFF TRANSLATOR) WHICH INSERTS APPROPRIATE RUNOFF COMMANDS 
INTO THE OUTPUT FILE GIVING IT EXTENSION ,RNO» THE RNO FILE IS 
IN TURN PASSED THROUGH RUNOFF WHICH FILLS AND JUSTIFIES THE 
TEXT GIVING IT EXTENSION .L5T, THE ,LST FILE IS PRINTED ON AN 
UPPER»LOMER CASE LINE PRINTER USING 8-1/2 BY 1 I TELETYPE 
FOLDING PAPER, THE RUNOFF DEFAULT PAGE SIZE OF 60 LINES WILL 
BE USED SINCE NO PHOTO REDUCTION WILL BE DONE, HOWEVERf THE 
RIGHT MARGIN WILL BE $ET AT 63 INSTEAD OF 60, THIS WILL GIVE 
MORE ROOM FOR COMMENTS IN PROGRAM EXAMPLES, A LINE WIDTH OF 63 
CHARACTERS WAS CHOSEN BECAUSE THE VTOS BLEEPS WHEN THE 64tH 
CHARACTER IS TYPED, FOR PROGRAM EXAMPLES (WHERE RUNOFF HAS 
BEEN TOLD NOT TO FILL AND aUSTIFY), THE TYPIST WILL KNOW A 
COMMENT HAS NOT OVERFLOWED IF THERE IS NO BLEEP, 

SOtSEQUENT EDITS ARE MADE ON THE ORIGINAL SOURCE FILE (,SRC), 
EDITING IB VERY EASY SINCE THE SOURCE FILE RESEMBLES THE 
FORMATTED LISTING AND HAS ALMOST NO RUNOFF COMMANDS IN IT, 

UPDATES WILL BE ISSUED BY PAGE WITH CHANGE BARS USING FILCOM 
GIVING AN EXTENSION Or ,SCM» RECfPIENTS ARE URGED TO BURST THE 
PAPER AND PUNCH HOLES FOR INSERTION INTO 3 RING NOfEBOOKS SO 
THAT THEY CAN INSERT CHANGE PAGES, 
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7, PREDISfRIBOflON ftPPROVAt 

SEFQRE DISfRIBUflON OP fHE rUNCTIONAl, SPECIFICATIONS OR km OF 
fHEIR REVISIONS, fHE RESPONSIBLE ENGINEER MUST APPROVE A 
I*I5TI*IG, AFTER Sac« ftPPROVAl* EXACTliY THE FOtliOWING EDITS «Il,l, 
BE KADE TO THE niiE AND ISO HOREJ 

1, », SUBTITLE PREFACE - REV Q*» Mihh BE CHANGE© TO 8 

".SUBTITLE PREFACE -REV 0«» 

THE MINUS SIGN AFTER THE REVISION NUMBER IS MEANT TO 
INDICATE THAT THE REVISION IS NOT yiT COWPl,eTE, 

2, 0ATEI Willi, HAVE ILREADir iEEN CHANGE© 
BEFORE APPRO VAI. 

3, ir THIS IS THE FIRST OlSfRIBUTION CREV 0), 
APPROVED? MIW, BE CHANGED TO 8 
APPROVED! JOHN DOE 

4, ir THIS IS A REVISION, THE APPROVAI, ENGINEER'S INITIALS 
WILL BE ADDED TO THE NEWEST LINE ON THE REVISION 
HISTORY, FOR REV I, BOTH RiV i AND REV « ILL BE ADDED 
TO THE REVISION HISTORY SECTION, 
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8, RUNOFF COMMANDS 

fHE TXPIST mhh USE AS FEW RUKOFF COMMANDS IN fHE SOURCE fll^E 
i:S»S^*^ POSSIBLE USING VIED, INSTEAD THE TYPIST WIW. USE THE 
NATURAI. FORMATTING CHARACfERS SPACE, TA§, RETURN, BLANK LINE, 
AND FORM FEED AS DESIRED, III fHIS WAY THE aOSTIFIED OUTPUT 
ii!!^^^ ^•t'S^^WIJ'I'RESEM&ftE THE INPUT C.SRCO FILE SO CLOSELY 
THAT THE TYPIST CAN EDIT THE SOURCE DIRECTLY FROM A MARKED UP 

rnuMJOP.^P^*^^ CLST). FOR EASE OF TYPING ALL RUNOFF 
COMMANDS MILL BE IN LOWER CASE, 



rl!iJ^f;„S^H'^^ y®®'^ 0« *^^ CHAPTERS, IT MILL FOLLOW THE 
^n«SL'',!?f °^ ^"^ SOURCE FILE, TWO TRAILING SPACES ENSURE THAT 
RUNOFF WILL LEA¥E 2 SPACES BEFORE IT PUTS IN PAGE ON THE TOP OF 

".TITLE 1080,2040,2060 EMGIMEERIIIG FUNCTIONAL SPEC - CHAP M,N « 



".SUBTITLE- WILL INDICATE THE TITLE OF THE CHAPTER AND THE 
REVISION NWBER, IT MILL BE THE LINE FOLLOWING THE TITLE J 
LINE, EXAMPLE! 

".SUBTITLE EKEC AND USER PAGE TABLES- (EPT, UPT) - RfiV 0« 

".NOFJLL" WILL BE USED AS LITTLE AS POSSIBLE, IT WILL ONLY BE 
NEEDED FOR THE FLOW ALGORITHMS, IT WILL NOT BE USED FOR LISTS, 
IfSi*!!' 2*^ ^^®^"^^^ ^^^^ EXAMPLES. LISTS AND TABLES WILL 
^nei!S "*^*^ A BLANK LINE BETWEEN EACH ITEM SO RTRANS WILL NOT 
aUSTXFY, ASSEMBLY CODE HAS IMBEDDED TABS, SO RTRANS WILL NOT 
lii^ .^**^ JUSTIFY EVEN THOUGH IT DOESN'T HAVE BLANK LINES 
BETWEEN. EACH LINE, 



«,riI4,« WILL BE USED TO RESTORE FILLING AND aUSTiFXjNG, 



^LSIflL^^^'^PJ^ COMMANDS WILL BE USED. INDEJtIfiG WILL BE 
GENERATED AUTOMATICALLY BY SOME SORTING SOFTWARE, TK£N THE 
TYPIST WILL NOT HAVE TO USE % INDEX* COMMANDS AND THE INDEX 
WILL BE MORE COMPLETE, 
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t, TfPING COHVENflPNS rOR RTRANS 

THE FORMAT FOR EACH CHAPTER FOl^LOWS THE "STANDARD FOR RUNOFF 
MANUAI^S, mm OOS-003-026-00 WITH A FEW MINOR CHANGES, THE 
CHANGES ARE J fl) RIGHT MARGIN §3 INSTEAD OF 70 BECAUSE THE 
?|05 BI.EEP5 ON THE 64TH CHARACTER, C2) TEXT PART OF A t'IST 
STARTS 8 SPACES IN RATHER THAN 9 SO THAT TAB CAN SE USED TO 
I.INE m TEXT, AND (3) I^EVEt A PARAGRAPH NUMBER BOBS NOT HAVE A 
FRACTION, Al,l, INFORMATION TYPED FALi^S INTO ONE OF THE 
FOI^LOWING THREE CATEGORIES! 

1, PARAGRAPHS 

2, liISTS 
3f TABI^ES 

9,i PARAGRAPHS 

THERE ARE 4 liEVEW; OF PARAGRAPHSr I^EVEI* A, B* C, D, DEPENDING 
ON THE NUMBER OF FRACTIONS FOI.i.OWING THE PARAGRAPH NUMBER, 
hmm A ALWAYS HAS SO FRACTION, LEVEi;, 8 HAS FRACTION ,1 TO ,NN, 
liEVEli C HAS FRACTION ,Ul TO ,N»,NN, AND LEVEL HAS; FRACTION 
.1,1,1 TO ,NN,NN,NN, mVEh A ALWAYS HAS A HEADER LINE IN ALL 
CAPITAL LETTERS, PRECEDED BY 3 BLANK LINES AND FOLLOWED BY 1 
BLANK LINE, LEVEL B MAY OR MAY NOT HAVE A HEADER LINE WITH THE 
FIRST LETTER OF EACH WORD CAPITALIZED. IF IT DOES HAVE A 
HEADER, THE HEADER IS PRECEDED AND rOLLOWfO BY 1 BLANK LINE, 
LEVEL C MAY OR MAY NOT HAVE A TITLE, IF IT DOES HAVE A TITLE, 
THE TITLE APPEARS ON THE SAME LINE AS THE TEXT, SEPARATED BY A 
HYPHEN, LEVEL D IS SUGGESTED TO BE AVOIDED, ALL PARAGRAPHS AT 
ALL LEVELS ARE BLOCK STYLE AND FLUSH LEFT , 

EXAMPLE SHOWING ALL 4 LEVELS I 

1, THIS IS A LEVEL A HEADER 

THIS IS THE TEXT IN A LEVEL A PARAGRAPH OR PARAGRAPHS, NOTE 
THAT IT IS FLUSH LEFT, 

1,1 THIS IS A LEVEL B HEADER 

THIS IS THE TEXT IN A LEVEL B PARAGRAPH OR PARAGRAPHS, NOTE 
THAT IT IS FLUSH LEFT ALSO, 

1,1,1 THIS IS A LEVEL C HEADER • THIS IS THE TEXT IN A LEVEL C 
PARAGRAPH OR PARAGRAPHS, NOTE THAI IT IS FLUSH LEFT, 

1.1,1,1 THIS IS THE TEXT IN A LEVEL D PARAGRAPH, NOTE THAT 
LEVEL D NEVER HAS A TITLE AND IS USUALLY TO BE AVOIDED, 
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9,2 Lists 

LISTS WILL AhUkYS HAVE EACH ITEM NUMBERED, A NUMBERED LIST IS 
DISTINGUISHED FROM PARAGRAPHS BY BEING INDENTED, USOALLYTHE 
TEXT PRECEDING A LIST WILL END IN A COLON TO INDICATE THAT A 
LIST FOLLOWS, LIST ITEMS ARE NyMBEREO WITH INTEGERS FOLLOWED 
B)f A PERIOD, SINGLE DIGITS ARE PRECEDED BY 4 SPACES AND 
FOLLOWED 8¥ A TAB SO THAT THE TEXT IS SEPARATED FROM THE NUMBER 
OF 2 SPACES, TWO DIGIT NUMBERS MUST BE PRECEDED Bf 3 SPACES SO 
THAT THE TAB' WILL STIL MO¥E TWO CHARACTER POSITIONS, THE 
FOLLOWING IN AN EXAMPLE OF A LIST! 

1, FIRST ITEM IN LIST 

2, SECOND ITEM IN LIST 

3, THIRD ITEM IN LIST 

IF THE TEXT IN AN ITEM OF A LIST EXCEEDS ONE LINE, THEN THE 

TyplST MUST TYPE A TAB ON SUCCEEDING LINES, THE TYPIST WILL 

PUT 1 BLANK LINE BETWEEN EACH ITEM IN A LIST, EXMPLE OF A LIST 
WITH ITEMS WHICH OVERFLOW A LINE? 

i, THIS IS AN EXAMPLE OF A LONG ITEM WHICH OVERFLOWS A 
SINGLE LINE, 

2, THIS IS A SECOND EXAMPLE, 

3, THE TXPIST MUST TYPE A TAB AFTER TYPING A RETURN, 
f,3 TABLES 

TABLES ARE JUST LIKE LISTS EXCEPT THAT THE ITEMS ARE NOT 
USUALLY NUMBERED, TABLES USUALLY HAVE MORE THAN ONE COLUMN 
SEPARATED BY TABS, TABLES USUALLY HAVE COLUMN HEADINGS, EACH 
ENTRY WILL BE SEPARATED BY A BLANK LINE, TABLES WILL USUALLY 
BE INDENTED ONE FULL TAB IF THERE IS ROOM. 

EXAMPLE OF A TABLES 

NO, ITEM 

3 WAMIATS 

5 Z AMBON IS 



9,4 FORMAT 



KLIOS 



GENEROUS USE OFS FORM FEEDS (CONTROL L) WILL BE USED TO CREATE 
PAGE BREAKS SO THAT INSERTS CAN BE MADE WITHOUT CHANGING THE 
PAGE NUMBERING, IN THIS WAY UPDATE PAGES CAN IE DISTRIBUTED 



1080,2040,2060 EMGINEERIHG FUNCTIONAL SPEC - CHAP 0,2 PACE A3 
PREFACE - REV 1 

RATHER THAN THfe ENTIRE CHAPTER/ AN ATTEMPT Vllhh BE MADE TO PUT 
PAGE BREAKS IMMEDIATEl,! BEFORE l*EVEli A PARAGRAPHS, 

VTEO CACTUAfetf RTRARS) DOES NOT CAUSE aUSTlFlCAT ION OF IilNES 
WHICH HAVE TABS EMBEOOED IN THEM, THUS ASSEMBiX CODE EXAMPI^ES 
CAN BE PREPARED WITHOUT BI.ANK liINES, IiEAOING TABS DO NOT 
PREVENT aUSTIFICATlON BECAUSE THEt ARE NOT fiMBEODEO, I,£A0IN6 
TABS INDICATE AN INDENTED IiEFT MARGIN, 

10, STORAGE OF FliES 

Afcl, ,aRC* ,RNO, ,l,ST# AND ,SCM FIJ,ES WILL BE KEPT IN AN 
UNRUBLISHED DIRECTORS ONVIROS, STRICT 8ECURITI MEASURES ARE5 
BEING TAKEN, A ONE DOLLAR REWARD IS OFFERlD TO EACH PERSON 
OUTSIDE OF THE VIROS GROUP WHO CAN OBTAIN ANY OF THE FUNCTIONAL 
SPECIFICATIONS FROM THE MACHINE. THE PERSON MUST FIND A NEW 
WAY AND CANNOT GO INTO THE COMPUTER ROOM, PEClSlONi OF THE 
VIROS GROUP aUDGES ARE FINAL. CONTEST IS VOID WHERE 
PROHIBITED, THE FILE NAME WILL BE THE SAME AS THE CHAPTER 
NUMBER, I,E, CHAPTER 2,3 WILL HAVE FILE NAME 2P3BN, SRC, WHERE 
N IS THE REVISION NUMBER, 
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li, fhm liANGUAGE 

AI^GORITHMS ANO PROCEDURES Mlhh BE DONE WSING A SIMPl,B 
E«GWSH»IilKE PROGRAMMING fcAWGUAGE WITH A SyiifAX l,IKE AI^GOL, 
THE LANGUAGE IS AN EXPEHIMENf IN STRUCtURED PROGRAMMING IN THAf 
THE LANGUAGE IS BLOCK STROCfOREP WIfH NO GOTOS, 

11.1 DOTATION 

ALL REGISTER NAMES ANO BITS WILL »E CAPITALIZED, ALL KEf WORDS 
WILL BE CAPITALIZED. COMMENTS WILL BE INCLUDED IN 
PARfiNTHESESIS, ALL STATEMENTS WILL INCLUDE THE NUMBER OF SITSi 
INVOLVED IN EACH MENTIONED, THE BEGINNING OF A PROCEDURE WILL 
DECLARE ALL REGISTERS USED AND THEIR BIT WIDTHS, THE BITS ARE 
SPECIFIED IN DECIMAL INSIDE SQUARE BRACKETS WITH NO SPACES 
SURROUNDING THE HfPHEN, 

EXAMPLE I 

copy AR [18-35] TO • VMA C18»3$J 

ANy BITS OF A SOURCE OR DESTINATION REGISTER WHICH EXIST »0f 
ARE NOT MENTIONED ARE ASSUMED TO REMAIN UNCHANGED, 

11.2 STATEMENTS 

STATEMENTS ARE TERMINATED Blf A SBMI-COLON, STATEMENTS MA¥ 

OCCUPf MULTIPLE LINES, THE TYPIST MUST INDENT CONTINUATION 

LINES 3 SPACES BEYOND THE INDENTATION OF THE FIRST LINE OF THE 
STATEMENT, 

EXAMPLES! 

THIS IS A STATEMENT! 

THIS IS A MULTI-LINE STAfEMEHT WHICH HAS BEEN 
CONTINUED ON THE NEXT LINE? 

11.3 COMPOUND STATEMEMTS 

A COMPOUND STATEMENT IS A SEQUENCE OF STATEMENTS BEGINNING WITH 
BEGIN AW ENDING WITH END, A COMPOUND STATEMENT MAY BE USED 
ANYWHERE A STATEMENT MAY BE USED, FOR EASE OF READING THE 
BEGIN AND END ARE PUT ON SEPARATE LINES, THEY ARE INDENTED THE 
SAME NUMBER OF TAB STOPS AS THE STATEMENTS IN THE BODY OF TftE 
COMPOUND STATEMENT, 

EXAMPLEl 

BEGIN 

CLEAR FIRST»PART DONE FLOP} 

COPY PREVIOUS AC P C10-17J TO HR tl8-35|? 

END 

U,4 CONDITIONAL STATEMENT 
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CONOItlONAL SlAtEMENTS ARE USED TO MAKE DECISIONS ANO ACf 
ACCORDINGliY. A CONDITIONAI* SfATEMEUT MAY OCCW ANyWHIRB IHAT A 
STATEMENT CAN OCCUR. THE SIMPI^EST FORM OF COK&ITIONAI. 
STATEMENT EITHER PERFORMS A SPECIFIED STATEMENT OR IT DOESM*T 
DEPENDING OH THE CONDITION, FORMl 

IF CONDITIOIiAt EXPRESSION, THEN STATEMENT? 
EXAMPtEl 

IF AC BIT 9 IS 1, THEN COPIf PCS TO ¥MA 113 • 17j > 

THE FOfcMWIfiG EXAKFI.E SHOSfS A COMPOUND STAfEMENTj 

IF AC RIT 9 IS 1, THEN 

BEGIN 

copy PCS TO VMA U3»171? 
ADD XR tO-aSJ TO AC 10-3531 
■ -END- 

NOTE THAT THE COMPOyND STATEMENT IS INDENTED ONE ADDITIONAL TA» 
FROM THE PREVIOOS LINE AND IS SET OFF B¥ BLANK LINES, A CHOICE 
BETWEEN TMO STATEMENTS CAN BE MADE Bt ySlNG THE ELSE 
CONSTRUCTION, FORMS 

IF CONDITIONAL EXPRESSION, THEN STATEMENT I 
ELSE STATEMENT 2ji 

STATEMENT 1 IS EXECUTED IF THE CONDITIONAL EXPRESSION IS TRUE, 
OTHERWISE STATEMENT 2 IS EXECUTED, A CHOICE BETWEEN MORE THAN 
TWO STATEMENTS CAM BE MADE TO GIVE A GENERAL CASE ANALYSIS 
CAPABIHT¥, FORMl 

IF CONDITIONAL EXPRESSION 1, THIN STATEMENT 1 

ELSE 

IF CONDITIONAL EXPRESSION 2 r THEN STATEMENT 2 

ELSE' 

IF CONDITIONAL EXPRESSION 3 f THEN STATEMENT 3 



ELSE: 

STATEMENT N t 1| 
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EXAMFLEi SHOWING TAPING fORMAf AS mhh AS SYNtAXs 

IF TiMPERATURE IS GREAfER fHEN 60, flEII 
DO »0f WEAR OVERCOAT 

EI«SS: ■ ■ ■ 

IF lEMPERATURE IS IN RAWGE 30 fO 60» THEH 

»EAR OVERGOAf 
ELSE 

WEAR OVERCOAT AND SCARF? 

ll,f I^OOP STATEMENTS 

REPETITIOK OF STATEMENTS IS DONE BY PRECEDING A STATEMENT WITH 
THE WORD DO. FORMi 

DO STAfEMENTi 

STATEMEUT IS REPEATED FOREVER, SEE BEliOW HOW TO TERMIKATE 
LOOP, 

11,6 STATEMENT LABELS 

ANT SIMPLE OR COMPOUND STATEMENT MAY SE LABELED By PRECEDING IT 
BY AN IDENTIFIER TERMINATED By A COLON, FORM; 

LABEL r STATEMENT f 

EXAMPLES 

SUM; BEGIN 

ADD ACI3 + TOTAL TO TOTAL I 

ADD I ♦ 1 TO li 

END 

U,7 EXIT LOOP STATEMENT 

THE EXIT LOOP STATEMENT IS USED TO TERHINATE LOOPS, IN ORDER 
TO SPECIFY WHICH SYNTACTICALLY NESTED BLOCK TO fcXIT? THE EXIT 
LOOP STAfEMENf SPECIFIES A (COMPOUND) STATEMENT LABEL, FORMi 

EXIT LOOP LABEL? 
iXAMPLlt 

SET TOTAL TO 0| 
SET I TO 1? 



IO80,2«4O,2O6O EHGIHEEBING FUNCflONAL SPEC * CHAP 0,2 PAGB 17 
PREFACE - REV I 



00 
SUM! BEGIN 

ADD A(l) + fOfAl, to TOTAI*! 

ADD I + I Ton 

IF I IS XOf THEN EXIT LOOP SUM? 

END 

12, REGISTER tAtOUTS 

REGISTER l»AIOUTS Wlfcl, BE D0KEDOWI4 THE PAGE IN ASCENOING BIT 
POSITIOS, ONE BhkHK liINB WII*i. SEPARATE EACH BIT, THREE BI,AHK 
LIMES WILL SEPARATE DCTAt DIGITS FOR EASE OF READIKG, THE 
MNEMONIC FOR EACH BIT OR FIELD (REGISTER) WILL BE GIVEN IN 
UPPER CASE FOLLOWED BY A COLON, THE SAME MNEMONIC WILL BE USED 
IN THE PRINTSf DIAGNOSTICS, SYSTEM SOFTWARE, THE HARDWARE 
MANUALS, THE MAINTENANCE MANUALS, AND ERROR REPORTS, ALL WORDS 
OF ALL BITS AND REGISTER NAMES WILL BE CAPITALIZED, IN TEXT 
THE FIRST PEW REFgRENCeS TO A BIT OR REGISTER WILL HAVE THE 
REGISTER NAME AND «RE«ONlCt IN PARENTHESES, TABLES WILL ALWAYS 
CONTAIN BOTH SINCE THEY ARE USED FOR REFERENCE* 



REGISTER NAME (RK) 

LPCSI IF I, LOAD PREVIOUS CONTEXT SECTION 
REGISTER (PCS) 

1 LCACI IF I, LOAD CURRENT AC REGISTER (CAC) 
FROM BITS J»S 

2 LPACS IF 1, LOAD PREVIOUS AC' REGISTER (PAC^ 
FROM BITS 6»8 



3*S CACt CURRENT AC REGISTER 

6»i PACi PREVIOUS AC REGISTER 
13, SPECIAL WORDS 

ALL MNEMONICS, AND OPTION NUMBERS MILL BE IN ALL CAfS, EG, 
MSOX, MBUS, RH20, AN EXCEPTION IS MASSBUS WHICH IS 
COPYRIGHTED, BIT NAMES WILL HAVE THE flRST LETTER CAPITALIZED, 
INCLUDING ANY GENERIC WORDS, IE, CACHE BIT, THE SYMBOL FOR 
MlCRO»SECOND WILL BE "USEC". 



(END OF CH0S02,SPCa 
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THE DECSySTEM 2060 REPRESENTS THE CPWINAIIOII OF OVER TEN YEARS 
or OEVEtOPMENT OF THE STATE OF THE ART INTERACTIVE SYSTEMS 81 
OIGITAl, EaUlPMENT CORPORATION, THE DECSYSTEM 2060 WITH TftE 
li&TUAli gPERATlNG SYSTEM PROVIDES SUCH ADVANCE FEATURES AS? 

, 3i mhhlQU BYTES C8 MIIifclON 36 BIT «0R0S) USER VIRTUAi. 
ADDRESS SPACE 

, SECTION ARCHITECTURE 

, 391 INSTRUCTIONS iNCJiUDING VARIABLE BYTE I^ENGTH 
OPERATIONS, 72 SIT ARITHMETIC INSTRUCTIONS AND STACK 
OPERATION INSTRUCTIONS, 

, AN ADVANCED BUSINESS INSTRUCTION SET WHICH HANDI^ES 
ISGDIC, ASCII, OR ANY OTHER CHARACTER REPRESENTATIONS 
UP TO 15 BITS IN liENGTH AND PROVIDES EXTENSIVE EDITING, 
TRANSI.ATION CHARACTER MANIPUl,ATIONS AND RADIX 
CONVERSION CAPASIMTIES 

• INSTRUCTION RATE OF 1,8 im,l,ION INSTRUCTIONS PER SECOND 
OR 20% FASTER THAN 370/1S8 

, UP TO 8 UNI VERS Al, MASS STORAGE PROCESSORS FOR HIGH 
SPEED MAG TAPE, HIGH SPEED DRUM AND DISK 

, AN 10 BAND WIDTH OF ABOUT 9 MltiilON BYTES PER SECOND C2 
MIW,ION, 36 BIT WORDS PER SECOND) 

. UP TO 4 FRONT END PROCESSORS FOR CARD READERS, JblNE 
PRINTERS AND COMMUNICATIONS 

. UP TO 2,3 MILLION BYTES (512K, 36 BIT WORDS) OF 
INTERNAL MEMORY 

, 9,216 BYTES t2048 36 Bit WORDS) OF 125 NS CACHE MEMORY 
, 8 SETS or 16 REGISTERS 

, ADVANCE MAMTAIHABILITY FEATURE INCLUDING CACHE PARITY 
CHECKING, 10 PROCESSORS L0aP»8ACK FEATURES, MEMORY READ 
AND WRITE PARITY, AND REMOVABLE COMPONENT DIAGNOSTIC 
ISOLATION 

, COMPACT REOUIRES A MINIMUM OF FLOOR SPACE 

, ADVANCEO VIRTUAL MEMORY OPERATING SYSTEM FEATURING! 

PROCESS STRUCTURED ARCHITECTURE 

MULTIPLE FORKING CAPABILITY 

VIRTUAL MEMORY CAPABILITY 
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MULf IPtE COMMAND LANGUAGE CAPABIfcIfY 



4fff f.nfif ^ ]^ | 



THE 0ECSYSTEM*2O6O IS ORGANIZED INTO TWO ADDRESS SPACES . ONE 
rOR TIE MONITOR AND ONE FOR THE USER PROGRAM, fiACH CONSISTS OF 
32, 512 PAGE SECTIONS WHERE EACH PAGE CONTAINS 512, 36 61T 
WORDS, THUS, EACH USER HAS 32» 2S6K SECTIONS OF ADDRESS SPACE 
WHICH AI^LOWS HIM A GREAT DEAL OF EXPANSION, PROfECTIOS* AND 
MODUliARITlf IN ORGANIZING HIS SYSTEMS STRUCTURE, FOR EXAMPl^E, 
THE FORTRAN lilBRARY ROUTINES COUl,0 RESIDE IN ONE SECTION THE 
COMPUTER IN ANOTHER' SECTION, AND THE USER COMPIIiED CODE IN YET 
ANOTHER SECTION, THUS, AND ERROR IN THE USERS CODE COUI.D NOT 
DESTROY THE FORTRAN I^IBRARY ROUTINES WHICH MAY »E SHARED BY A 
LARGE NUMBER OF OTHER USERS, THE CONCEPT OF PAGE SHARING IS 
IMPLEMENTED IN VIRDS SO A SINGLE PAGE MAY BE SHARED BY A NUMBER 
or USERS THUS GIVING AN IMPROVED EFFICIENCY IN MEMORY 
UTILIZATION, THUS, A USER CAN HAVE A TOTAL PROGRAM SPACE WHICH 
EXCEEDS PHYSICAL MEMORY AND CAN BE AS LARGE AS 8 MILLION 36 BIT 
WORDS, - 



THE DECSYSTEM.202 INSTRUCTION SET IS AN EXTENSION OF THE 
LOGICALLY DEVELOPED AND HIGHLY SUCCESSFUL DECSYSfEM-lG 
INSTRUCTION SET, THE DECSYSTEM-IO INSTRUCTION SET HAS BEEN 
AMPLIFIED TO INCLUDE SUCH THINGS AS YARIAiLl; LENGTH BYTE 
ADDRESSING TO ALLOW BYTES TO CROSS WORD BONDARIES THUS 
YIELDING, FOR INSTANCE* 12,5% INCREASE IN THE STORAGE 
EFFICIENCY OF 8 BIT BYTES. FURTHER, THE BYTE POINTER MAY 8E 
ADJUSTED FORWARD OR BACKWARD TO FACILITATE INDEXING AND 
MANIPULATION OF BYTE STRING, 

IN ORDER TO IMPLEMENT THE SECTION ARCHITECTURE, AN ADDITIONAL 
SPECIAL EXECUTE INSTRUCTION HAS BEEN IMPLEMENTED TO ALLOW 
COMMUNICATION ACROSS SECTION BOUNDARIES, AS IN THE 
DECSYSTEM-lO, THE 20&0 INCLUDES 72 BIT DOUBLE PRECISION 
ARITHMETIC FOR INCREASE COMPUTATIONAL ACCURACY, PUSH AND POP 
STACK INSTRUCTIONS ALLOW RECURSIVE SUBROUTINING. IN ORDER TO 
PROVIDE IMPROVED CAPABILITY IN THE BUSINESS DATA PROCESSING 
AREA, THE DECSYSTEM-2060 PROVIDES ADVANCED EDITING AND 
CHARACTER HANDLING CAPABILITY, FOR EXAMPLE, THE EDIT 
INSTRUCTION PROVIDES SUCH FEATURES AS CHECK PROTECTION FLOATING 
OF CURRENCY SIGNS, THE ABILITY TO SUPPRESS LEADING ZEROS AND TO 
BLANK A FIELD WHEN ZERO, THE ABILITY TO TRANSLATE FROM ONE CODE 
SET TO AfJOTHER WHILE AT THE SAME TIME EDITING THE DATA FOR 
OUTPUT, THE ABILITY TO SUPPRESS LEADING BLANKS FOR INSERTION 
OF NUMERIC VALUES INTO TEXTIS ALSO PROVIDED, COMPLETE 
FLEXIBILITYIS PROVIDED TO CHOOSE WHATEVER CURRENCY AND PLACC 
VALUE SYMBOLS YOU MAY DESIRE IN EDITING NUMERICAL VALUES FOR 
OUTPUT, ALSO PROVIDED ARE STRING COMPARE, BINARY TO DECIMAL 
CONVERSION AND DECIMAL TO BINARY CONVERSION, THESE 
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INSfRUCtlOHS SmUhD IN FACT BE CAl»IiE» CHARACfER TO BINARY AND 
BINARY to CMARACTER SI»CE khh OF THE STRING TO BINAR 
CONVERSIONS ARE CODE INDEPENDENT, THE ONliY REaOlREMENT BEING 
THAT THE DIGITS IN THE CODE 8E CONTIG0OUS, AI,SO PROVIDED IS A 
SCAN CAPABII^ITf WHICH AIiMWS CHARACTER STRINGS TO BE SCANNED 
FOR ANY ONE Of A TABIiE OF SIGNIflCANT CHARACfCRSf I.E., COMMAS, 
PERIODS, EaUAI. SIGNS OR OTHER SYMBOI^S THAT MOUl,D HAVE 
SIGNIFICANCE IN A SYNTAX SCANNING APPlblCATION, AI,SO PROVIDED 
IN THE BUSINESS INSTRUCTION SET IS A CHARACTER STRING MOVE 
INSTRUCTION SO THAT BI,OCiCS OF CHARACTERS MAI BE MOVED, 

IN ORDER TO OBTAIN THE OUTSTANDING PRICE PERFORMANCE 
CHARACTERISTICS THAT THE DECSYSTEM.2060 EKHIBITS, THE PROCESSOR 
SECTION OF THE MACHINE IS IMPLEMENTED IN HIGH SPEED E,e,l<* 
WITH GATE DEltAYS IN THE ORDER OF 3 NANO SECONDiS, 

THE ItMO AIiSO FEATURES A 2,04S WORD SOliID STATE MEMORY BUFFER 
STORE WHICH ffPlCAl,Lf AIiWWS 90% OF THE CPU MEMORY REFERENCES 
TO OCCUR IN A 125 NANO SECONDS, ANOTHER ADVANCED FEATURE OF 
THE 0ECSYSTEM-2O6O CACHE IS THAT IT DOES NOT RBflUlRE CACHE 
WRITE THROUGHS AS OTHER CURRENT MEMORY CACHE DESIGNS DO, THIS 
ELIMINATES, FOR INSTANCE, THE NECESSITY OF WRITING BACK INTO 
MAIN MEMORY EACH VAl,UE OF A l*OOP INDEX IN A SMALI. INSTRUCTION 
tOOP. 10 IS CHECKED AGAINST THE CACHE TO MAKE SURE THE MOST 
CURRENT DATA IS SENT TO THE 10 DEVICES, htmmm, PAGES IN THE 
CACHE ARE MARKED INVAliIO AS DATA FOR THAT PAGE COMES FROM AN 10 
DEVICE, PAGES ARE OMI^Y MRITTEN BACK INTO THE MAIN MEMORY FROM 
THE CACHE IN ORDER TO MAKE ROOM FOR NEW PAGES, AI,!. THIS ADDS 
UP TO 1.85 MIPS AVERAGE INSTRUCTION RATE PROCESSOR, ADO TIMES, 
FOR INSTANCE, OCCUR IN 55© NANO SECONDS. A FWATING 36 BIT ADD 
AND ROUND REQUIRES ONLY 1,72 MICROSECONDS, 



PACKAGED WITHIN THE KLIO ITSELF ARE UP TO 8 MASS STORAGE 
PROCESSORS, UP TO 8 DEVICES MAY BE ATTACHED TO ANY SINGLE 
PROCESSOR, THESE DEVICES CAN BE A MIX OF A MAG TAPE, RP04 
MOVING HEAD DiSK, AND RS04 DISK, POUR OF THE CMANMEtS CAM 
OPERATE UP TO I MICROSECOND PER MORO TRANSFER RATE AND FOUR OF 
THE CHANNELS AT TWO MICROSECONDS. PER WORD TRANSFER RATE, 
HOWEVER, THE COMPLETE SIMULTANEOUS TRANSFER RATE IS SOMEWHERE 
IN THE ORDER Of 2 MILLION TO 2*1/2 MILLION WORDS PER SECOND, 
THE I/O PROCESSORS EXECUTE INSTRUCTION LISTS IN MAIN MEMORY AND 
HAVE THE ABILITY TO LOOK AHEAD ONE INSTRUCTION SO THAT, FOR 
INSTANCE* IN THE CASE OF A FIXED HEAD DISK, THE I/O PROCESSOR 
CAN CHANGE FROM READ TO WRITE IN THE SECTOR GAP TIME. SOMg OF 
THE OTHER FEATURES OF THE MASS STORAGE PROCESSORS RELATE TO 
RELIABILITY, THE MASS STORAGE PROCESSORS PROVIDE COMPLETE 
PARITY CHECKING FROM THE DEVICE TO THE MEMORY, THEY ALSO HAVE 
LOOP*BACK FEATURES WHICH ENABLE THE CENTRAL PROCESSOR TO 
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IS01.ATE WhUhfS in mt MASS SIORAGE PROCESSOR WITHOUT HAVING ANY 
DEVICE COWNECfEP TO If, 

EACH DECSySTEM-2060 HAS UP TO FOUR FRONT ENDS I/O PROCESSORS 
FOR LOW SPEED PERIPHERAliS SUCH AS CARD READERSr LINE PRINTERS 
SINCMROSOUS, AND ASYNCHRONOUS COMMUNICATIONS, THESE FOUR FRONT 
END PROCESSORS HAVE THE COMPLETE INSTRUCTION SET OF THE POP»ll 
AND HELP TO RELIEVE THE PROCESSING SURDEN OF THE DECSrSTiH-2060 
PROCESSOR ASSOCIATED WITH LOW SPEED PERIPHERAL CONTROL, fHE 
PDP*U FRONT END PROCESSOR ACTS AS A CONSOLE PROCESSOR FOR THE 
DeGS¥STEM«2060 AND FUNCTIONS EXTENSIVELf AS A DIAGNOSTIC 
PROCESSOR TO ALLOW INTERNAL REGISTERS IN THE DECSYSTEM-2060 fO 
BE READ IN ORDER TO DIAGNOSE FAILURES IN THE PROCESSOR, THE 
PDP-11 ALSO PROVIDES SERVICES SUCH AS THE LOADING OF THE 
CONTROL STORE OF THE DECSfSTEM-2060 MICftOPROCfiSSOR, 

MSIHOiBiX. 

WITHIN THE PROCESSOR ITSELF, THE 0BCS¥STEM-2O&O MAf CONTAIN UP 
TO ONE HALF MILLION CS12K) WORDS OF MEMORY, THE MEMORY IS 4 
WORDS WIDE SO THAT DURING A SINGLE MEMORY ACCESS, THE MAIN 
MEMORY FOUR WORDS SIMULTANEOUSLY OR WRITES UP TQ FOUR WORDS 
SIMULTANEOUSLY THUS GIVING A MAXIMUM BAND WIDTH OF 4 MILLION 
WORDS PER SECOND. THE MEMORY IS ORGANISED INTO 32K BLOCKS, 
THE MEMORY iLOCIC STARTING ADDRESS MAY SWITCH UNDER PROGRAM 
CONTROL FOR DYNAMIC RECONFIGURATION OF THE MEMORY SYSTEM IF ANY 
32K BLOCK IS FAILING, CONSISTENT WITH DYNAMIC RECONFIGURATION, 
THE WIDTH OF THE MEMORY MAY ALSO BE PROGRAMMED, THAT IS, IT 
MAY BE SET UP AT I, 2 OR 4 WORDS WIDE SO THAT IN A 128K SYSTEMf 
FOR EXAMPLEf If ANY 32KfiZL0CK SHOULD FAIL, IT MAY CONTINUE TO 
OPERATE 2 BLOCKS SIMULTANEOUSLY WITH REDUCED I/O PERFORMANCE, 

THE DECSYSTEM 2060 OFFERS THE USER THE LAfESf IMPROVEMENTS IN 
OPERATING SYSTEM TECHNOLOGY INCLUDING PROCESS STRUCTURING OF 
THE MONITOR SO THAT THE MONITOR ITSELF MAY BE PAGED AND HENCE 
INFREQUENTLY USlD PORTION OF THE MONITOR NEED NOT TAKE UP 
VALUABLE MAIN MEMORY SPACE, PROCESS STRUCTURING IN THIS 
WAYLEADS TO A SMALL CORE RESIDENT REOUIREMENT, ROUGHLY 22K, 
VIROS CREATES A DIMAMD PAGING VIRTUAL MEMORY ENVIRONMENT FOR 
THE USER SO THAT HIS PROGRAM MAY ACTUALLY EXCEED THE PHYSICAL 
SPICE LIMITS OF THE SYSTEM AND STILL RUN EFFICIENTLY. 
ADDITIONALLY* VIROS PROVIDES PROCESS FORKING ALLOWING ONE aOB 
(FORK) TO SPAWN SEVERAL PARALLEL TASKS (FORKS) WHICH CAN THEN 
BE SCHEDULED FOR COMPLETION BY THIS MONITOR INDEPENDENTLY, THUS 
IMPROVING A SYSTEM IMPLEMENTORS, FLEXIBILITY AND SYSTEM 
EFFICIENCY, 

VIROS ALSO OFFERS MULTIPI,E COMMAND LANGUAGES, PRESENTLY* TWO 
COMMAND LANGUAGES ARE BEING OFFERED • TOPS»10 FOR COMPATIBILITY 
WITH DECSYSTEM-iO AND VIROS WHICH IS A DERIVATIVE OF B8N»S 
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fEMEX, IN THE FUTWE, COMMAND WGOAGES CAN BE EASIl.¥ ADDED TO 
PROVIDE COWPATIBIliIT'Sf WITH OTHER WIDELY USED OPERATING SYSTEMS 
FOR T«E DECSYSTEM-10 TOFS«»lO USERS, VIROS PROVIDES EXTENSIVE^ 
COMPATIBILITX FEATURES AI.LOWING MOST TOPS«lO PROGRAMS TO RUN 
UNMODIFIED UNDER VIROS AT SOME 1.0SS IN PROGRAM EFFICIENCY, 



j ;.^ , §,|,g 

, TU16 MAGNETIC TAPE 
, 1600 BPI 

• 4S: IPS, 



RS04 



250*000 Word capacity 

transfer rate is 4 microseconds for 3§ bit word 

IT HAS A liATENCf OF 8*3 MS 



, RP04 

, 100 MEGABYTE CAPACITY 

, AVERAGE access TIME 30 MS 

, TRANSFER RATE 5,6 MICROSECONDS PER 36 BIT WORD 

, LATENCY IS 8,3 MS 

• TU70 

, YET TO BE DEFINED 

(CONFIGURATIONS TO BE FILLED IN LATER) 

ALL DATA IS TO BE CONSIDERED PRELIMINARY AND WILL BE REFINED 
AND EXPANDED AS TIME PERMITS. THUS, THE DECSYSTEM-2060 
SUPPLIES UNEQUALED PRICE PERFORMANCE IN THE MEDIAN TO HIGH 
PERFORMANCE GENERAL COMPUTER MARKET. 
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roi KhlQ hist, a, PARSLOW C300 FIliE) 

f If LEI OirrEftENCES FROM THE KIIO • REV I 

StAfOSl THIS CHAPTER REFliECfS THE CHASGES MADE OURING 
OEVELOPMENf or fME 1080, BECAUSE THIS CHAPfER MENTIONS 
WNAMMOONCED CAPASIIjITIES, If IS COMPANY CONFIOEJiTlAt, THESE 
CAPABitlTIES ARE FLAGGED WITH », 

FJLl: tEFSJCHlS03,SPC 

POM #j 200»200*017»01 

DATE? 4 jm 7S 

SUPERSEDED MEMOS S DIFFERENCES BETWEEN KI AND KL HARDWARE • 

VERStOlS 2, T, HASTINGS, 24 MA¥ 73 

SUPERSEDED SPECS s 

ENGINEER I T, HASTINGS 

APPROVED I 

EDITORl T, HASTINGS 

fypiSTl M.PROUTY 

REVJEWEDl 21 MAY 74 



ABSTRACT 

THIS CHAPTER DESCRIBES THE DIFFERENCES BEIKBEN THE KI AND THE 
KL HARDWARE, A SHORT REASON FOR EACH DIFFERENCE IS USUAliLt 
GIVEN, IT IS NOT A SYSTEM DESCRIPTION, SO SOME OF THE 
DIFFERENCES MAY NOT BE SUPPORTED BY SOFTWARE. THIS LIST DOES 
NOT GIVE DETAILS OF EACH DIFFERENCE, IT IS NOT A SUBSTITUTE 
FOR FUNCTIONAL SPECIFICATIONS, INSTEAD, THE LIST IS AN INDEX 
TO THE MORE DETAILED DOCUMENTATION, IT ALSO SHOWS WHERE MORE 
DETAILED DOCUMENTATION IS NEEDED, NEW ITEMS WILL BE ADDED TO 
THIS LIST AFTER THEY HAVE HAD A DETAILED SPEC WRITTEN AND 
APPROVAL HAS iEEN GIVEN, THUS, THIS LIST WILL SERVE AS A 
RECORD OF THE APPROVAL FOR CHANGES, PROPOSED DIFFERENCES 
APPEAR IN THE APPENDIX, ITEMS FLAGGED WITH ♦ARE NOT PRESENT 
IN THE 1080, 
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REV DESCRIPTION C«G 10 ORIG DATE APPO BY DATE 
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0, CONitENTS 

1, SUMMARY or MAaOR DIFFERENCES 

2, NEW. EXEC-USER INSTRUCTIONS 

3, CHANSED EXEC-0SER INSTRUCTIONS 

4, DISCOHflNUED EXEC*USER iNSTRWCTlONS 

5, NEW EXEC MODE ONW INSTRUCTION 

6, CHANGED EXEC MODE ONLY INSTRUCTION 

7, DISCONTINUED EXEC MODE 0NIi5f INSTRUCTION 

8, NEW 10 DEVICE CODES 

9, CHANGED 10 DEVICE COOES 

10, DISCONTINUED 10 DEVICE CODES 

11, DISK DIFFERENCES 
12i CHANNEL DIFFERENCES 

13, TAPE DIFFERENCES 

14, OTHER 10 DIFFERENCES 

15, ADDRESSING OIFFIRENCES 

16, PAGING DIFFERENCES 

17, MISCELLANEOUS DIFFERENCES 
li, ACCEPTED SIMILARITIES 

19. REJECTED DIFFERENCES 
APPENDIX A - PROPOSED DIFFERENCES NEEDING SPEC BEFORE APPROVAL 
APPENDIX B • REVIEWED DIFFERENCES WHICH WILL iE INCLUDED ONLJ 
IF ROOM IN MICRO-CODE 
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1, SUMMARY OF MAJOR DIFFERENCES 

1.1 FASTER THAS KI, 

1.2 CHEAPER THAN KI, 

1.3 SMAIil^ER IN SIZE, fWO Kh CABlNEfS H01,0 WHAT REaUlRED 22 
CABINETS ON KI, 

1.4 SOSWESS IHSIRPCTION Sif AOfiEO, 

*l,5 EXTENDED ADDRESSING AOOEO SO THE MONITOR CAJi ADDRESS SM 
WORDS AND THE USER CAN ADDRESS 8 M MORDS, FUfURl MACHINES CAN 
HAVE OP TO 30*»IT ADDRESSES, 

♦1,6 GEHERALIZED PAGING, HARDWARE (MICRO-CODE) HELPS WITH PAGE 
REPtACEMENT Ai,GORITHMS AND WORKING SET DETERMINATION, 

*l,7 INTERNA!, MEMORY IS BWIl^T INTO PROCESSOR, 4 iORD 
REFERENCES ARE MADE IN PARAfctEl., EXTERNAL MEMORX ALSO 
AVAIMBLE INTERFACING OVER THE KI ME«QR¥ BUS, 

1,8 MEMORY REFERENCES ARE CACHED, THE 2K CACHE HAS WRITEBACK 
AND 4 WAY CONTENf ION LOGIC, 

#1,9 UP TO 8 MASSBUS CONTROI.MRS ARE BUILT INTO THE CPU, 

1.10 UNIT RECORD EQUIPMENT AND COMMUNICATIONS GEAR WILL BE 
ATTACHED TO A FRONT END PDP»ll/40, 

1.11 THE HARDWARE IS SElNG DESIGNED FOR UP TO 4 CPUS 
M0LTI»PR0CESS0R TIGHTLY COUPI^ED CONFIGURATION, (NEEDS SOFTWARE 
ARCHITECTURE WORK CURRENTI^Y NOT BUDGETED,) 

1.12 MOST BUSSES AND DATA PATHS HAVE PARITY FOR SETTER ERROR 
DETECTION, 

1.13 THE FRONT END CAN DIAGNOSE THE KLIO, 

1.14 THE MACHINE HAS A MlCR0*CO0EDESia». THE MICR0»C0DE IS 
LOADED AT SYSTEM STARTUP INTO A RAM, 

1.15 MANY DATA PATHS HAVE PARITY, ALSO RAMS AND CACHE, 

1.16 THE SYSTEM IS BEING BUILT WITH LARGE MODULES, THUS MANY 
SIGNALS TRADITIONALI.Y USED IN TROUBtE SHOOTING WITH A SCOPE 
WILL NOT BE PRESENT ON THE BACK PANEL, THUS; FTELD SERVICE WILL 
RELY MORE ON THE DIAGNOSTICS TO DETECT WHICH BIG BOARD IS 
FAILING THAN THEY DID ON THE KIIO, CON THE KI THE DIAGNOSTICS 
PERFORMED MORE OF AN EXCERCISER ROLE WHILE FIELD SERVICE RELIED 
ON THEIR SCOPES TO FIND BAD MODULES), 
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2, NEW EXEC/USER INSTRUCTIONS 

2.1 EXTEND 

PART OF BUSINESS INSTRUCTION SET CBIS), DECIMAl. TO BINARY, 
SiKAEt TO DECIMAL, STRING EDIT, HOVE, COMPARE, TRANSLATE, SEE 
CHAPTER 2,10, EXTEND INSTRUCTION, 

2.2 DAP0, DSUa, OMUL, DDIV 

PART OF BIS, DOUBLE PRECISION (70 BIT) INTEGER ADD, SUBTRACT, 
MOLTIPLI AND DIVIDE. SEE CHAFTiR 2,4, BUSINESS INSTRUCTION 
SET, 

2.3 AOJSP 

ADJUST PUSHDOWN STACK POINTER FORWARD AND BACKWARD, 

2,4 asxs 

RESERVED FOR CALLING THE MONITOR, LIKE A UUO, 
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3, CHANGED EXEC/USER INSTRUCTIONS 

3.1 PUSB 

IF RHCAC) ADDRESSES AC AFTER INCRiMENTiNG, Kh STORES UPDATED 
POINTERV DESTROIflNG COP¥ OFCE), KA, KI STORED POINTER THEN 
COP¥ OF CE)# WHICH CIiOBBEREO POINTER* 

3.2 POP ACfAC 

fcEAYBSDECRiMENlED POINTER IN AC (LIKE PDP»6), KA, Kl I.EAVE 
MORD FROM STACK, 

3.3 IBP (ADaSP) 

IF AC FIBfcD IS NON-ZERO, THE BYTE POINTER IS INCREMENTED OR 
DECREMENTED BT THE NUMBER OF TIMES SPECiFIEO 8X THE CONTENTS OF 
THE AC, AND THE RESUI.T IS PJiACED IN THE AC BUT NOT MEMORY, THE 
MNEMONIC IS AOaBP MHE« AN AC FIEliD IS SPECfflED BECAUiE THE 

OPERATION OF THE INSTRUCTION IS SO DIFFERENT. 

3.4 MAP 

NEED SPEC, NO MNGER LEGAl, IN USER ONIiESS IN USER I/O. MODE, 

3.5 OFDV 

ROUNDS ON THE Kill FOR EXTRA NUMERIC ACCURACf, TRUNCATES ON 
THE KliO, 

3.6 FSC" 

ON THE KA AWDP KI, IF FSC OVERFMWS TOO FAR, THE UNDERFWM 
(FXU3 FLAG AI.SO GETS SET, AltSO, IF FSC UNDERFliOWS TOO FAR, THE 
UNOERFMW (FXU) ri,AG IS NOT SET, ON THE Kl,, FXU GETS SET IF 
AND ONi,I IF AN UNDERFLOW OCCURS, THIS SHOULD NOT CAUSE ANY 
SERIOUS PROGRAM INCOMPATISIl,If lES CEXCEPf DIAGNOSTICS). 

3.7 FAD, FSB, FMP, FDV (•, H, »J 

THESE INSTRUCTIONS SHOULD BE AVOIDED, BECAUSE ADDING A VERY 
SMALl. NEGATIVE NUMBER Wlfcl, ACTUAMy DECREASE THE RESUl,T BY 1 IN 
THE MAST SiGNlFlCANf BIT, EXCEPT If THE EXPONENfS DIFFER B¥ 
MORE THAN M CKA,K1) OR 72 (Kh) , THE "ROUNDING" VERSIONS 
tFADR, FSiR, FMPR, FDRV) ARE iETlER NUMBRICALLX, WE CAN FIND 
NO PLACES WHERE THESE CANNOT BE REASONABLE REPLACED BY THE 
CORRESPONDING ROUNDING INSTRUCTIONS, OUR FORTRAN, COBOL, AND 
ALGOL COMPILERS ALL USE THE ROUNDING INSTRUCTIONS, THESE 
INSTRUCTIONS ARE BEING IMPLEMENTED SOLELY SO THAT WE CAi SAY 
THAT THE KL IS "COMPATIBLE" WITH KA AND KI, 
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3.8 BMOVEM, OMOVNM 

ON THE KI, OMOVEM ACAC-M COPIES CCAC) TO AC-t-l AND AC*2, ON 
THE KL AC*l IS COPIED TO AC+2 AND AC IS COPIED 10 AC+1, THIS 
IS ACCOMPI.ISHED B¥ FETCHING BOTH OPERANDS BEFORE STORING EITHER 
ONE, 

3.9 DHOVEf DMOVN, 0MOVEM, DMOVNM 

ON THE KI*, THESE INSTRUCTIONS AIRWAYS FETCH OR STORE NEITHER OR 
BOTH WORDS BEFORE AN INTERRUPT OR A TRAP CAN OCCUR, THEREFORE 
THESE INSTRUCTIONS DO NOT SET OR TEST FIRST PART DONE FI.AG, 

3.10 DMOVN, DMOVNM 

OK KI, NEOATIVE DOUiliE PRICISIOM INSTRUCTIONS NEVER SET ANY PC 
FliAGS BECAUSE THEY ARE USED ONLY FOR DOUBLE PRECISION FI<0A1IN6 
POINT NUMBERS, ON THE Ktt, THEY ARE AI*SO USED FOR DOUBLE 
PRECISION INTEGERS, AN OVgRFIiOW ERROR CAN OCCUR IF AN ATTEMPT 
IS MADE TO NEGATE THE MOST NEGATIVE NUMBER C-2 TO THE 70TH 
POWER), THEREFORE ON THE Kh IF THE SOURCE OPERAND IS NEGATIVE, 
CRYO AND CRY I ARE SET, EXCEPT IF THE SOURCE si lBO/0 IN WHICH 
CASE AROV AND CRYO ARE SET, 

3,U JRST (FORTAI,, ^JRSTF, HAl,T, JEN) 

tHE AC FIELD OF THE JRST INSTRUCTION WILL BE DISPATCHED ON BY 
THE MICRO CODE, THE ONLY VALID AC FIELD COMBINATIONS WILL BEj 

AC FIELD MNIUMONIC 

JRST 

1 PORTAL 

2 iJRSTF 
4 HALT 

« 5 RPCF RESTORE PC AND FLAGS 

» i RPCFD RESTORE PCi FLAGS AND DISMISS 

» 7 EPCF EXCHANGE PO AND FLAGS 

12 JEN 

* 14 SFM SAVE FLAGS IN MEMORY 

ANY COMBINATIONS OF THE ABOVE WILL TRAP ON KL, THE KA AND KI 
PERFORMED THE OR OF THE INDICAIED FUNCTIONS, 

3.12 MOVXA MOVE EXTENDED ADDRESS 

MOVXA WORKS LIKE MOVEI, EXCEPT THE LH OF THE AC IS SET TO THE 
EFFECTIVE SECTION NUMBER, THE OPCODE IS SETMI WHICH WORKS AS 
ON THE KI IN SECTION 0^ 

3.13 BLT 

THE AC OF BLT IS ALWAYS UPDATED WITH A COPY OF THE POINTER USED 
FOR THE LAST TRANSFER WITH BOTH HALVES INCREMENTED, THIS IS 
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DOME aUSf BEFORE fHE FIRSf WORD IS TRAMSFERRED SO THAT Bl,T 
lliilr.,^^^ ^^^^^ "^^ RESTORE hhh OF THE ACS. THIS CHANGE IS 
iSSSS^^*^*^ ^^ "^"^^ ®^^ ALWAYS I,EAVES THE ACS THE SAME »0 MATTER 
WHETHER AN INTIRROPT OCCURRED OR NOT. THIS DOES NOT CATCH BOGS 
OF THE FORM BI.T A, N (A), 
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4, DISCONTINUE© EXEC/0SER INSTRUCTIONS 

4.1 UaEN (1003 

«S! ;VAlLABI.r ON m TO DISMISS REAIiflME INTERRUPTS AS IT WAS 
NOT ON KI, UJEN IS AVAII,AB1,E ONLY ON KAS, 

4.2 OFA^ 0FN, FAOI,, FSBL, FMPL, F0VL ARE PROVIDED ON THE KLIO 
?fi''^JSnr?;f*''"^"^' «TH THE KAIO. (KAIO SOFTWARE Ssis SeM 
to SIMULATE DOUBLE PRECISION FIjOATING POINT). THESE 
INSTRUCTIONS MAX BE DELETED ON THE KLlO AT SOME FUTURE TIME AND 
?i!.f?! ®^ IMJ^I'EWBNTED 0» A SUCCESSOR MACHINE AT ALL, THESE 
INSTRUCTIONS SHOULD BE USED ONL¥ FOR KAIO DOUBLE PRECISION 
COMPATIBILITY, MOST OF DEC SUPPORTED SOFfWARE CONDITIONALLY 
ASSEMBLES KA OR KI/KL VERSIONS OF DOUBLE PRECISION FLOATING 
POINT. SOFTWARE SIMULATION OF DOUBLE PRECISION FLOAf ING POINT 
ON A KI OR KL USING THESE INSTRUCTIONS RUNS A FACTORS OF » 
fucJ^L!?*** "^^***^ "^"^ ^^ ^^ ^^ DOUBLE PRECISION FLOAf ING POINT 
MjcRrc2JE^|pAcr®^^°*'^ REASON FOR PHASING THESE OUT IS TO SAVE 



5, NEW EJtEC MODE ONLY INSTRUCTIONS 

NONE, SEE NEW DEVICES CODES, SOME I/O INSTRUCTIONS TO THE 

INTERNAL DEVICES REALLY PERFORM ARBITRARY FUNCTIONS NOT 

NECESSARILY RELATED TO THE INTERNAL DEVICE, SEE CHAPTER 2 S, 
INTERNAL DEVICES. *.uc*vft, acfe ^.tiArifcR i,i>. 



&, CHANGED EXEC MODE ONLY INSTRUCTIONS 

6,1 EXECUTIVE XCT HAS BEEN RENAMED PXCT (PREVIOUS • CONTEXT 
ACT), PXCT PERMITS INDEXING IN PREVIOUS CONTEXT. THE 
DEFINITIONS OF BITS 9.12 OF PXCT INSTRUCTION HAVE CHANGED FROM 
KI, 



7, DISCONTINUED EXEC MODI ONLY INSTRUCTIONS 
NONE, 
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8, NEi 10 DEVICE CODES 

8.1 MTR • ACCOUNfWa METERS 

SEE CHAP fER 2,7, KfclO PROGRAM CLOCKS (TIM,MTR3, 
8*2 TIM 

INTERVAl, TIMEE, TIME BASE, AND PERFORMANCE ANALYSIS COUNTER, 
SEE CHAPTER 2,7, KI.JO PROGRAM CI^OCKS (TIM, MTR), 

8,3 DTEO, OfEI, DTE2, DTI3 

lO/lJ INTERFACE, SEE CHAPTER 4.3, iO/ll INTERFACE - DfE20, 

#1,4 MBC0,,,,MBC7 

MASSBBS CONTROLLER, SEE CHAPTER 4,1, MASSBUS CONTROLLER • RH20 

8,5 CCA • CACHE S**EEP 

9, CHANGED 10 DEVICES CODES 
»,l APR 

BITS REARRANGED, MADE MORE REGULAR, NO 60 CYCLE LINE FREOWENCY 
iMf IRRUPT, SETS ADDRESS COMPARE REGISTER, 

9.2 PI, 

SOME FONCTIONS DROPPED AND SOME HAVE MOVED TO APR 

t,3 PAG 

SOME CHANGES, IKCLWOING NEM, KL PAGING, 

10, DISCONTINUED 10 DEVICE COOES 

10.1 CTY 

CONSOLE fTY - MUST USE -11 INSTEAD, 

10.2 PfR 

PAPER TAPE READER » NONE PROVIDED, EVEN IN FRONT END, DATAO 
PTR, NO LONGER SETS ADDRESS BREAK, SEE APR, 

10.3 PTP 

PAPER TAPE PUNCH • NONE PROVIDED, EVEN IN FRONT END, 
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♦ i I , DISK OlFFERfiNCES FROM RPl TO RH20 

II a DISK, DRUM, AMD TAPE WlIiI, BE AttACSEO TO ONE OR MORE 
MASSBUS CONTROl,l.ERS, SEE CHAPTER 4,1, MASS8US CONTROLLERS 
CRH20) AND CHANNELS CMBOX), 

U,2 UP: f 8 WEMORY CHANNEL/CONTROLLERS CAM BE ATTACHED TO THE 
StSfSM, EACH CONTROLLER MUST HAVE ITS OWN CHANNEL (UNLIKE THE 
OriO), THESE CHANNELS ARE BUILT INTO THE CPB, 

U,3, EACH CONTROLLER CAN HAVE UP TO 8 DEVICES, FOR MAGfAPi A 
DEVICE IS THE FORMATTER WHICH IN TURN CONTROLS OP TO 8 SLAVE 
DRIVES. THE MAXIMUM DISK, DRUM, AND FORMATTER DEVICES IS 8#8 s» 
§4 PER SYSTEM, 

11,4 BECAUSE THE SAME CONTROLLER CAN CONTROL THE THREE 
OiFFERENl TYPES OF DEVICES, A GREATER NUMBER OF SUPPORTED 
CONFIGURATIONS IS POSSIBLE, FOR IX AMPLE, THE CHEAPEST SYSTEM 
COULD HAVE ONLY ONE CONTROLLER FOR BOTH DISKS AND MAGTAPE 
ALTHOUGH THIS MAY NOT BE SUPPORTED BY SOFTMARE, 

iJ.5 BECAUSE THE CONTROLLSRS ARE SO LOW IN COST (THE DEVICE 
DEPENDENT COMPLEXITY IS IN EACH DEVICE), If IS MORE LIKELY 
THERE WILL SE MORE THAN ONE DISK CHANNEL, IF THERE ARE 
CHANNELS AND N DRIVES, N/M DRIVES WILL BE ATTACHED TO EACH 
CHANNEL, THE SAME FOR DRUMS, THIS WILL IMPROVE THE THRUPUT, 

IJ,§ IT WILL BE EASIER TO CONFIGURE A SYSfEM WHICH EXCEEDS THE 
BANDWIDTH OF THE MEMORY, THE SOFTWARE MUST DOBANDWIOfH 
SCHEDULING OF CHANNELS AND MEMORY, 

U, 7 THE CONTROLLER HAS A BACKUP COMMAND REGISTER, SO THE 
SOFTWARE CAN SWITCH TRACKS BETWEEIi SECTORS, 

U,8 SEEKS CAN BE INITIATED ON DRIVES DURING A DATA TRANSFER ON 
ANOTHER DRIVE, 

11.9 SEEK COMPLETION INTERRUPTS CAN BE INABLiO OR DISABLED 
DORJNG A DATA TRANSFER, 

11.10 RP04 HAS ECC CORRECTION HARDWARE WHICH COMBINED WITH 
SOFTWARE CAN CORRECT U BIT BURST ERRORS, 

14.11 RPO 4 HAS HEAD OFFSET ERROR RECOVERY HARDWARE, 

11.12 PDP-IO OR PDP-11 FORMAT RP04 PACKS CAN BE READ OR WRITTEN 
ON THE PDP-10 fRH20) OR THE POP»tl (Rill), PDP*11 16 BIT WORDS 
(BITS 15-0) COME INTO PDP-10 BITS 2*17 AND 20-3S, SINGE PDP«il 
INCREMENTS BYTES FROM RIGHT TO LEFT, BYTE DATA APPEARS REVERSID 
WITHIN EACH HALF -lO WORD, 

11.13 PARITY ON MASSIUS CONTROL BUS, SO SOFTWARE HAS TO CHECK 
FOR ERRORS IN COMMANDS AS WELL, 
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11.14 RF04 HAS UNLOAD CAFABU* J tr, 

11.15 SOFTWARE MUSf ACKNOWI^EDGE THAT PACK HAS BEEN MOUNTED BY 
SEfTIHG VOIiUME VAI»I0 BIT AFTER A POWER ON INTERRUPT FRO« RP04 
DRIVE, 

11.16 RP04 HAS AUTOMATIC RECAWBRATE TO ON SEEK INCOMPLETE, 

il,17 RP04 HAS MID TRANSFER SEEK CAPABlliITY (SPIRAL 
READ/HRITE), USED BY SIMPLE MINDED SOFTWARE ONLX. 

11.18 RP04 HAS IMPLIED SEEK CiOT THIS TIES UP THE CONTROLLER SO 
POP»10 WILL NOT USE3, USED BX SIMPLE MiNDEO SOFT«ARE ONLl, 

11.19 RP04 HAS DUAL PORT OPTION, 

11.20 MASSBOS CONTROLLER IS DESIGNED 80 THAr TWO OF THEM CAN BE 
ELECTRICALLt CONNECTED TO ONE MASSBU5. THE SOFTWARE MUST 
ENABLE ONE AND DISAiLE THE OTHER, IT IS INTENDED FOR FAILSAFE 
RECOVERX, RATHER THAN DINAMIC SWITCHING, 

11.21 COMMAND LIST MUST RUN OUT ON A SECTOR BOUNDARY, ELSE AN 
EftROR BIT, THIS HELPS INSURE THAT WORDS DO NOT GET ADDED OR 
DROPPED, PARTIAL SECTORS CAN BE READ AND WRITTEN B¥ FILLING 
OUT WITH ANOTHER lOWD WITH BITS 14»35 2ER0, 

11.22 THE CONTROLLER HAS A BACKUP COMMAND REGISTER SO THAT A 
NEW COMMAND ON A DIFFERENT TRACK CAN BE INITIATED DURING A 
SECTOR GAP TIME, THIS SHOULD DOUBLE THRUPOT ON HEAVILY LOADED 
SYSTEMS BECAUSE RANDOM CONSECUTIVE SECTORS CAN BE READ AND 
WRITTEN, 

11.23 RH20 DOES NOT PROVIDE READ-IN, MUST BE DONE 0Y THE FRONT 
END -11, 
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*12. CHANHEI* DirrERENCES 

12.1 KI OriO DEVICES REQUIRE Fl^USHING TME CACHE BEFORE AND 
AFfER THE TRANSFER, SINCE THE DFIO CAM MOT ACCESS THE CACHE, 
U, KOTOK, KI. 10 CACHE, OCT 19 J SINCE HOST USER PROGRAMS DO NOT 
MOVE BUFFERS AROUND, TOPSIO CAN SMESP THE CACHE ON THE FIRST 
USE OF THE BUFFER AND TURN OFF CACHE ilT FOR THAT PAGE, THIS 
WlLi IMPROVE 10 THRUPUT AT THE EXPENSE OF CPU TIME, BUT SHOUI,0 
KEEP SXSTEM BALANCED, 

12.2 THE CHANWEX. COMMAND lilSf HAS 22 BIT ADDRESSES OHht, 

12.3 ADDRESS ilTS 14-3S SPECIFY THE FIRST ADDRESS, NOT FIRST 
ADDRESS •!, 

12.4 THE WORD COUNT IS SPECIFIED IN BITS 3»13 INSTEAD OF 0-17, 

t2,S WORD COUWT BITS 3«-13 SPECIFI THE POSITIVE NUMBER OF WORDS, 
NOT THE NEGATIVE, 

12.6 THE CHAWNEl^ CAN READ REVERSED (BIT 2 « 1), 

12.7 THE liAST lOWO CAN 0PTIONAl.l,)f SPECIFY HAliT AT END CUT I » 
U RATHER THAN REQUIRING ANOTHER COMMAND WORD OF ALI» ZEROES TO 
BE FETCHED, THIS- HEIiPS REDUCE CHANCiS OF MISSING liAlCNCY WHERE 
THE NEXT COMMAND IS WAITING, 

12.8 THE aUMP WORD FORMAT REttUIKES BITS 0*2 TO BE 2, 

12.9 ERROR STATUS INFORMATION IS STORED IN THE EPT, 

12.10 IF BITS 14»3S ARE 0, THE READ OPERATION SKIPS AND THE 
WRITE OPERATION WRITES ZEROES, 



1080,2040,2060 ENGIMEERINC; FONCflONAt SPEC • CHAP 1,3 PAGE 14 
COMPANY COmUmTIhU • 0irFERENCES FROM f HE KJIO • REV I 

♦13, TAPE DIFFEREMCES 

13.1 0ECf APES (TUS6) ON THE "ll Wll,L BE USED FOR BOOTSTRAP, 
FOteOWJNG DEC STANDARD FOR PDP-10 ESIC3 TAPES, PDP»ll FORMAT 
TAPES Willi, HOT BE USED, THUS THE TAPES CAW BE WRITTEN OURIKG 
TIME SHARIMG ON SXSTEMS WHICH HAVE TU56 ON D1A20 I/O BUS 
ADAPTER, NOTES NO TIME SHARIMa SUPPORT IS PLANNED FOR -11 
TU56S, 

13.2 MAGTAPE CAN READ AND WRITE BACKWARDS. THE DATA WILL END 
OP IN MEMORY INDEPENDENT OF THE DIRECTJON PROVIDED THE MONITOR 
SETS UP THE COMMAND LIST TO POINT TO THE BEGINNIwa OP BUFFER 
FOR FORWARD AND THE END FOR BACKWARD. THE RECORD MUST EVENLY 
FILL THE LAST WORD OF THE CORE BUFFER, 

13.3 MAGTAPE HAS A NEW MODE, CALLED ASCII, ALL 36 BITS ARE 
WRITTEN ON THE TAPE IN FIVE FRAMES, BIT 35 IS WRITTEN AS THE 
HIGH ORDER BIT OF LAST FRAME, fHUS> THIS MODE CAN REPLACE CORE 
DUMP MODE AND INDUSTRY COMPATIBLE MODE FOR MOST 9-TRACIC P£ 
TAPES. THE FOUR MODES IN FORWARD AND 3 MODES REVERSE WILL BE 
DONE BY A SPECIAL PDP-IO MICRO PROGRAMMED BIT FIDDLER BOARD, 
THE FDP-U WILL HAVE SIMILAR BUT SIMPLER AND CHEARER BOARD, 
THE TU16 MASTER WILL DIFFER BETWEEN *10 AND -11 ONLY IN THIS 
BOARD, 

13.4 BACKUP REGISTER IN RH20 CANNOT BE USED FOR TAPE 
OPERATIONS, SOFTWARE MUST RESPOND TO INTERRUPT WITHIN I 
MILLISECOND AS ON KI IN ORDER TO KEEP THE TAPE FROM SHUTTING 
DOWN, 
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14» OTHER 10 DIFFERENCES 

14.1 NO DKIO, INSfEAO KI, Willi, HAVE BU1I,T«IN REAL TIME CLOCil 
WITH INTERNAl. DEVICE CODES TIM AND MTR, 

14.2 THE KLIO mth HAVE A BUILf^IK S2 BIT TIME lASE CLOCK 
(TIH), 

14.3 THE KLIO MILL HAVE A BUILT-IN ACCOUNTING METER TO COUNT 
E601 USEFUI, TIME AMD MBOX REriRBNCES. 

14.4 THE KLIO WXLI, HAVE BUILT*IN PERFORMAMCEi ANAI,ysiS COtfNTEH 
(MTR) FOR FINDING HARDWARE AND SOFTWARE BOTTLENECKS, 

14.5 NO LINE FREQUENCf CLOCK, POP^ll WILL DO TIME OF DAY, 

14.6 WNIT RECORD EQUIPMENT WIL-L 8g ON THE U, 

14.7 THERE WILL BE NO CTY, PTR, OR PTP BUILT INTO THE 
PROCESSOR, ALL STAND-ALONE PROGRAMS WILL USE A COMMON ROUTINE 
TO TALK TO A TERMINAL ON THE il, 

14.8 THERE WILL NOT IE AN 10 BUS, UNLESS A CUSTOMER BUIfS AN 10 
BUS ADAPTER CDIA20), 

14.9 THE 10/ U INTERFACE IS QUITE DIFFERENT FROM THE DLIO FROM 
A PROGRAMMING POINT OF VIEW, IT IS SIMPLER, HAS HIGHER THRUPOT 
AND REFLECTS WHAT WE LEARNED FROM THE DL10/DC75 PROJECT, 
TRAFFIC ON THE INTERFACES STEALS TIME FROM THE CPU INSTEAD OF 
ONLX COMPETING FOR MEMORY CYCLES, SEE CHAPTER 4,3, FRONT END 
INTERFACE (OTE20), 

14.10 UP TO 4 PDP»HS CAN BE ATTACHED TO THE KLIO, BACH WITH 
ITS OWN lO/H INTERFACE, 

14.11 UP TO 4 DTE20S CAN »E CONNECTED TO A SINGLE UNIBUS. 

14.12 CPU DOES NOT PROVIDE READ-IN FUNCTION, THE FRONT END 
MUST PROVIDE 

14.13 A SPECIAL PRIORITY LEVEL OF HAS 61EN INTRODUCED FOR THE 
DTE20, IT HAS HIGHER PRIORITY THAN l»7, IS NOT DISABi,ED WHEN 
THE PI SYSTEM IS TURNED OFF, AND WORKS EVEN IF THE KLIO IS IN A 
HALT LOOP, IT IS USED FOR EXAMINES, DEPOSITS AND BYTE 
TRANSFERS, 

14.14 PROGRAM INTERRUPT DEVICE PRIORITY IS DETERMINED BY DEVICE 
NUMBER AT A GIVEN PI LEVEl,, THE. ORDER IN DECREASING PRIORITY 
IS? MBCOf ... , M6C'7, DfEO, ,.., DTE3, DIA20, (KI I/O BUS), 
KA, PpP-6 DEVICES, 

14.15 IF KL HALTS AMD THEN CONTINUES, AW AOSA INSTRUCTION IN AN 
INTERRUPT LOCATION, WILL LOSE ONE COUNT IF INTERRUPT REQUEST 
HAPPENS AFTER MACHINE HALTS, 
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15, ADDRESSING DIPFEREMCES 

*15,1 EXTENDED ADDRESSIWa HAS BEEN ADDED SO THAT A PROCESS CAN 
ADDRESS 8 MILLION WORDS IN USER MODE AND 8 MILLION WORDS. IN 
EXEC MODE, THIS IS DONE Bf CREATING 32 ADDRESS SPACE SECTIONS, 
EACH 256K LONG FOR EACH MODE, SEE CHAPfER 2,2 USE« INTERFACE 
TO EXTENDED ADDRESSING, FUTURE MACHINES HAt HAVE OP TO 30-BIf 
ADDRESSES TO GIVE i BILLION WORDS. 

15.2 SHADOW MODE AC REFERENCES ARE NOT PERMITTED, INSTEAD, THE 
MONITOR WILL USE PXCT WITH 2 iliOCKS OF ACS, FOR MONITORS WHICH 
RESCHEDULE IN EXEC MODE, THIS WILL REOUIRE 2 AC BLOCK SAVES AND 
RESTORES ON EACH CONTEXT SWITCH INSTEAD OF I, THE KI AC STACK 
POINTER IS NOT NEEDED ON THE KL AND IS NOT PROVIDED, RECURSION 
IS HANDLED BY BLflNG AC BLOCKS. THIS WAS DONE SO THAT 
EFFECTIVE ADDRESS CAI.CUI.ATION IN CAliIiING CONTEXT WOULD NEVER 
NEED TO REFERENCE MEMORY FOR INDEXING, 

15.3 THERE WILL BE 8 AC BliOCKS tO - 7). AC BWCK 7 IS RESERVED 
FOR THE MICRO-CODE, TRAPS TO EXEC MODE 00 NOT CHANGE THE AC 
B1.0CK #, THUS Bl^OCKS 0*6 CAN BE USED BY THE SOFTWARE, 

15.4 NEW REGISTERS 



PCS (PREVIOUS CONTEXT SECTION) «» S BITS 
PAC CFREVIOUS AC #) -3 BITS 
CAC (CURRENT AC #) • 3 BITS 
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16, PAGING DIFFERENCES 

U,l fHERE WILL BE TWO TYPES OF PAGING PROVIDED ON THE MACHINE, 
ICfc»PAGING AND KI.pAGlNG. KI«PAGING IS VERY SIMIMR fO THE 
PAGING ON THE KI CPU, THE THO TYPES OF PAGING MII.I, BE SBiECfiD 
BY MAOING THE APPROPRIATE VERSION OF THE MICRO»CO0E, A STATUS 
BIT, "KI PAGING", WII»L BE ON A I IF KI PAGING AND IF iih 
PAGING, SEE CHAPTER 2,8, PAGING, KI,.PAGING INCWDESI 

A, SHARED POINTERS 

B, INDIRECT POINTERS 

C, REFERENCE STRING HARDMARE SUPPORT 

D, CORE STATUS TABI.E 

E, AI.L OF EXEC VIRTUAI* CORE IS MAPPED, 

16.2 PAGE FAIl, TRAPS K 11*1, STORE THE PAGE FAH. W&RD AND PC' IN 
THE UPT AND WItl. I,OAD PC FROM OPT INSTEAD OF EXECUTING AN 
INSTRUCTION IN THE UPT, THIS MAKES IT EASIER FOR A MONITOR 
CAW, TO TAKE A PAGE TRAP, LOCATIONS 420, 426, AND 427 ARE 
CHANGED ACCORDINGLY, 

16.3 INSTEAD OF A SET OF SEPARATE PAGE FAIL LOCATIONS DEPENDING 
ON EXEC/USER MODE* THERE ifiILL BE ONLY ONE, THERE IS NO NEED 
FOR TWO, 

16.4 MULTI-PROCESSING SOFTWARE MUST TURN OFF THE CACHE CO BIT 
FOR SHARED DATA PAGES, THE CACHE BIT IS THE LAST SPARE BIT IN 
THE I 8*BIT PAGE MAP ENTRY, 

16.5 IN BOTH KI AND KL PAGING, ALL OF THE EXEC< ADDRESSING SPACE 
IS MAPPED, 

16.6 THERE IS NO SMALL USER BIT, MOST PROGRAMS WILL USE PAGES 
At TOP OF VIRTUAL CORE, 

16.7 AS A PIECE OF PHILOSOPHY, KL PAGE MAPS ARE ASSOCIATED KITH 
SECTIONS (DOMAIN INCARNATIONS) RATHER THAN PROCESSES, EACH 
PROCESS CMAP) HAS A LIST OF 32 POINTERS TO THE USER SECTION 
MAPS AND 16 POINTERS TO THE EXEC PER PROCESS MAP, THE EXEC MAP 
HAS 16 EXEC' PER CPU POINTERS, EACH SECTION MAP IS A FULL PAGE 
WITH FULL WORD ENTRIES, 

16.8 THE PAGE FAIL WORD SPECIFIES THE ENTIRE 23 BIT VIRTUAL 
ADDRESS INCLUDING THE SECTION NUMBER, NOT JUST VIRTUAL PAGE, 
THE FAIL CODE HAS MOVED TO BITS 0*5, 

16.9 A NUMBER OF NEW LOCATIONS HAVE BEEN ADDED TO THE EPT, SEE 
CHAPTER 2,9, EXEC AND USER PROCESS TABLES CEPT, UPT), THEY 
ARJil 
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1, 0»37 RH20 CHARNEl, i,OGOUf AREA 

2, 60«63 CHANNEl. FIlil, WORDS 

3, §4«137 RESRVEO FOR FUTURE DEC HARDWARE 

4, 140»177 DTE20 AREA 

5, 510*514 SIfSf EM CiOCK AND TIMER 1.0CATIMS 

6, 600-757 EXEC MAP FOR PAGES 0-337 IS KI MODE, 

16.10 A MUMBER OF NEW liOCATIONS HAVE BEEN ADDED 10 THE WPT, 
SEE CHAPTER 2,9t EXEC AND USER PROCESS fAil*£S CEPT, UPT), THEX 
AREI 

• I, 440-477 USER SECT I OM TAiI*E 

2, 426 PROCESS COMTEXT WORD 

3, 504-507 PER PROCESS ACCOUNTING METER iiOCATlON 

16.11 A HE^i INSTRUCTION (INTERNA!, DEVICE CODE) WII.I, AI^liOW THE 
OPERATING SYSTEM TO INVAMDATE A SPECiriC ENTR¥ IN THE PAGING 
MEMORy, THUS THE MONITOR CAN CHANGE A SINGliE ENTRY IN A PAGE 
MAP WITHOUT CliEARIMG Al^li OF THE PAGING MEMORY AND SUPFERING THE 
MICRO-CODE OVERHEAD OF REFIi^ilNG IT AGAIN, 

17, MISCELI^AMEOUS DIFFERENCES 

17.1 THERE ARE NO LIOHTS AND SWIfCHES, AN ADDRESS COMPARATOR 
REGISfER CAN BE I.OADED FROM THE 10 (PATAO APR) FDR ADDRESS 
BREAK, NO ADDRESS STOP IS POSSIBI,E, 

17.2 THE "11 CAN EXAMINE AND DEPOSIT DiBECTliI iNfO THE -10 
MEMORf Bt INTERRUPTING THE -10 MICRO CODE, THE -U CANNOT GET 
THE -10 PC, EXCEPT IN MAINTENANCE MODE, THE -11 CAN READ THE 
SfAfE OF THE PI SYSTEM (I<EVEM IN PROGRESS, P| ON) AS WEI.I, AS 
CPU RUN FliOP (NOT HAl,TED) AND EBOX CIiOCK R¥«I»1NG WHIl,e THE; 
SYSTEM RUNS OVER THE DS tINES, 

17.3 POWER FAIl* CONTINUE REQUIRES MORE SOFTWARE THAN ON THE KI, 
CACHE MUST BE DUMPED (700 MICROSECS MAX 4-WAY INTERl^EAVC, MORE 
IF MSS fNTERi.EA?E) AND MICROCODE REIiOADED, 

17.4 POWER FAIIi REIiOAD AND RESTART IS NOT IN m, PDP-11 POWER 
FAll, RESTART OPTION MUST Bi USED, DOES IT HAVE RgSTART OPTION? 
NOTE! POWER FAII^ RELOAD IS MUCH EASIER IN HARDWARE THAN 
COMPLETE CONTINUE FROM FAII^URE HAliT, 

17.5 MICRO-CODE MUST BE l,OADED FROM -11 BEFORE SYSTEM CAN IE 
SfARflD, THE TU56 DECTAPEWH,l4 BE USED FOR THIS, 
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17, i NO MI REGISTER, SENSE SWITCHES, PDP-U CAN SIMULATE, 

17.7 NO VOl^TAOE MARGIIiS, 

17.8 COMPREHENSIVE DIAGNOSTIC MODE SQ MACHINE CAN BE DIAGNOSED 
FROM THE •11, 

17.9 UP TO 4 Kl, PROCESSORS CAN BE ATTACHED fOGEfHER IN A 
TIGHTLl COUPLED S¥STE«, INSTEAD OF 2 CKI MEMORy LIMIT WAS 2), 

17.10 THE SYSTEM HAS T«0 KINDS OF MEMORTl INTERNAL AND 
EXfERMAL, INTERNAL IS FASTER AND CHEAPER/ THAN EXTERNAL. 
INTERNAL MEMORY HAS ONLT ONE PORT, THE CACHE MULTIPLEXES ITS 
CPU AND MASSBUS CONTROLLERS INTO THIS SINGLE POR|F, DFIO 
CHANNELS CAN ONLY TALK TO EXTERNAL MEMORY, INfERNAL MA20 
MEMORIES ARE 16K SENSE, IN FUTURE INTERNAL MB20 WILL BE 32K 
SENSE, A MAXIMUM OF 256K OF MA20 OR S12K OF MB20 IS POSSIBLE, 
THE REST OF MEMORY UP TO 4M WORDS MUST BE EXTERNAL, A TIGHTLY 
COUPLED, SHARED MONITOR, MULTI-PROCESSING SYSTEM MUST HAVE 
EXTERNAL MEMORY FOR SHARED PAGES, FOR BEST PERFORMANCE SYSTEMS 
SHQOLD BE 4-MAY INTERLEAVED, INSTEAD OF REQUIRING OPERATOR 
INTERVENTION, THE SOFTWARE CAN CHANGE THE INTERNAL MEMORY 
INTERLEAVING AND ADDRESSES, NO HAND SWITCHES ARE ENVISIONED. 
tNEED SPECIFICATIONS!, ALSO, THE SOFTMARE MUST BE PREPARED TO 
RUN WITH NON-CONTIGUOUS INTERNAL MEMORY, HENCE THE FULL MAPPING 
OF EXEC CORE, 

17.11 PRESENT EXTERNAL MEMORY ARE MEIO AND MFIO MEMORY WITH 
RECONFIGURATION SWITCHES, EXTERNAL MEMORY MUST BE RECONriGURED 
BY THE OPERATOR USING MEMORY ADDRESS SWITCHES, 

17.12 THE INTERNAL MEMORY WILL HAVE ADDRESS PARITY AS WELL AS 
DATA PARITY, 

17.13 THE FOLLOWING OTHER PARITY CHECKS ARE ALSO PROVIDED! 

1, FAST MEMORY (ACS J 

2, DTE20 TO EBOX (lYTE TRANSFER DATA, DEPOSIT DATA) 

3, EBOX TO DTE20 (BYTE TRANSFER DAf A, EXAMINE DATA) 

4, CACHE DATA RAMS 

5, CACHE ADDRESS RAMS 

6, PAGING RAMS 

7, CHANNEL TO RH20 

8, RH20 TO MASSBUS DEVICES 

9, UNIBUS (0TE20 ONLY SO FAR) 
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17,14 UNI.1KEKA, KI, NXM CAN CAUSE PARlfY TRAP CPF CODE 36 OR 
3t), 
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18, ACCEPTED SIMILARIflES 

18,1 IHE Kl, WIl,!. 00 THE SAME AS KI WITH INSTRUCTIONS IN AN 
INTERRUPT OR A TRAP LOCATION, EVEN THOWGH THIS MAX COST 
SOMETHING, 

li»2 a&IS «Il,l, TRAP ilKB ANX OTHER IIiItlGAI. INSTRUCTION, JSfS 
WII.I. IE IISE0 TO CAI.i» VIROS, 

18.3 THERE WIliJi BE NO PC OVERfiOW TRAP WHEN A PROGRAM RONS Off 
THE END or A SlCflON, THE PC STAYS IN THE SAME SECTION AND 
WRAPS AROUND TO THE ACS. 

18.4 DECTAPES mhh BE hVMhhBhE ON THE -lO WITH THE 10 I/O BUS 
ADAPTER tDIA20) OR ON THE •U. MOST SYSTEMS WII^l, NOT HAVE 
DECTAPES, THE SOFTWARE IS NOT C«RRENTl*f Pl*A»NING TO SUPPORT 
THE DECTAPE DRIVES ON THE "11 DURING TIME SHARING, 

18.7 MAGTAPE FORMATTER (TU16) PROVIDES INDUSTRY COMPATIBl*E -10 
CORE DUMP, AND TRACK FORMAT FOR NRZI AND PE TAPES, AND 9 
CHANNEI** 

18.8 SERIAL NUMBER WILL START AT 1025 CDECIMAliJ, 

18.9 PROPRIETARY VIOLATION WILL CONTINUE TO TRAP ON NEXT 
INSTRUCTION FETCH AND IS THEREFORE A NON-RECOVERABLE ERROR, 
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i 9 , REJECT ED IFFlRENCES 

19.1 INTERRUPTS WII.J* NOT STORE PC 404'2#N ANO MAO PC FROM 
C(4lt2#N), 

19.2 TRAP ON UNUSED FXEliOS OF INSTRUCTIONS mhh NOT BE 0ONE 
BECAUSE OF HIGH COST OF INVALIPATING EXISTING PROGRAMS, (AIiL 
UNUSED FIEI.OS OF NEW INSf RUCTIONS WILI. TRAP, SO NEW FUNCTIONS 
CAN BE ADDED,) 

POPJ BITS 18»35 

AC FIEliD OF XCT 

AC FIEl«D OF aSR 

BITS 0»12 INDIRECT ADDRESSES CUCAUSE OF SOFTWARE 

MANUAl* Fl,AGS 

19.3 fUl6 WIWi HAVE ADDRESS PI^UG FOIbLOWING DRIVE SEI^ECTION 
STANDARD, SINCE MASTER DRIVE CFOBMATTER) IS THE 0«I.y MASSBUS 
DEVICE AND HAS A FIXED DEVICE NUMBER WITH RESPECT TO THE 
CONTROI,, PUHiING ADDRESS PLUGS CAN NEVER CONFI^ICT WITH OTHER 
MASSBU5 DEVICES I»IKE DISK, 

19.4 EXEC AND USER SECTIONS ARE NOT INDICATED IN AN ADDRESS 
WITH A BIT SO THAT EXTENDED ADDRESSES «OUW BE INDEPENDENT OF 
THE EXEC/USER MODE OF THE CPU, 

19.5 DO NOT DO EXTENDED ADDRESSING B¥ HAVIJIG 4 USER WADABl^E 
SECTION NUMBER REGISTERS SPECIFIED BY BITS 18 AND 19 OF 
ADDRESS, THIS iOULD BE MORE EFFICIENT THAN SXCT FOR MOPS CT, 
HASTINGS MEMOJ , 

lf,6 DO NOT IMPLEMENT FUhh SEGMENTATION USING SYSTEM MIDE 
SEGMENT NUMBERS £H, SPIBft MEMOJ . 

19.7 JS¥S WILL CONTINUE AS AN ILLEGAL INSTRUCTION . 

19.8 JUMP TRACE REGISTER WILL NOT BE INCLUDED, 

19.9 BYTE POINTERS WILL NOT BE ABLE TO CROSS WORD BOUNDARIES 
(WHEN BIT 12 « 1), 

19.10 8LT BACKWARD WILL NOT BE DONE (IF E IS LESS THAN 
DESTINATION ADDRESS), SINCE IT BREAKS TOO HAHJf PROGRAMS, 
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APPENDIX A - PROPOSED OJfFEREMCES NEEOIHG A SPEC BEFORE 
APPROVAL 

A, I PORfAl^ INSfRUCflON MUST BE IN A, READ ONi^X PAGE, 

A,2 DRW SPHT»t.IKE SOLUTIONS TO DROM OVERRUN PROBLEM, 

APPENDIX 8 • REVIEWED DIFFERENCES WHICH HlhL m INCLUDED ONtif 
IF ROOM IN MICRO»COOE AND A SPEC APPROVAL, 

B,l CAL# RET, VAL# PUSHM FOR SUBROPTIME CALLING, 

8,2 SPEEDING WP STRING TO INCLUDE A WAY TO DO A BfTE BLOCC 
TRANSFER WHICH ONLY REFERENCES EACH WORD ONCE, 



LEND OF CH1S03,SPC1 
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I, INTRODUCTION 

THIS CHAPTER ADDRESSES THE GOALS AND STRATEGIES FOR MAINTENANCE 
OF THE SYSTEM, BECAUSE THIS IS A SYSTEM QUESTION, IT WILL 
INCORPORATE HARDWARE, MONITOR SOFTWARE AND DIAGNOSTIC 
CONSIDERATIONS, WE MUST SET THESE GOALS AND STRATEGIES JOINTLY 
IN ORDER TO SUCCEED. THIS CHAPTER SETS OUT A FRAMEWORK FOR THE 
DISCUSSION OF ERRORS, THIS IS INCORPORATED INTO THE 
MAINTAINABILITY SECTION OF EACH OF THE OTHER CHAPTERS «MIC« 
DESCRIBE FUCTIONAL COMPONENTS, THUS ALL INFORMATION ABOUT A 
FUNCTIONAL COMPONENT IS KEPT IN A SINGLE PLACE, THE FRAMEWORK 
INCLUDES CLASSIFICATION OF ERRORS ALONG THE FOLLOWING 
DIMENSIONS I 

i , DETECTION/CORRECTION 

2, SEVERITY 

3, RECOVERY ACTIONS 

4, ERROR INFORMATION REQUIRED 

5, CORRECTIVE MAINTENANCE STRATEGY 

6, PREVENTATIVE MAINTENANCE STRATEGY 



2, DETECTION/CORRECTION CLASSIFICATION OF ERRORS 

EACH ERROR FALLS INTO ONE OF THE FOLLOWING CATEGORIES ACCORDING 
TO HOW IT IS DETECTED AND CORRECTED, 

2.1 NOT DETECTED • BY HARDWARE OR SOFTWARE 

EX, DROPPED BIT IN ADDER 

2.2 DETECTABLE • BUT NO CORRECTION OR RECOVERY POSSIBLE 

2 . 3 DETECTABLE AND USUALLY CORRECTABLE I 

1, HARDWARE CORRECTABLE 
EX, NONE CURRENTLY 

2, HARDWARE AND SOFTWARE CORRECT 
EX, • ECC ON RP04 

3, HARDWARE DETECTS, SOFTWARE RETRIES 
EX, • DATA PARITY ON DISK 
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4, SOFTWARE DETECTS AND RETRIES 

EX, • COMMUNICATIOKS PARITY ERROR 
2,4 DETECTABI^E A*ID AIRWAYS CORRECTABliE 

EX, MEMORl ADDRESS PARITY ERROR ON A CONTBOl,LER READ 

3, SEVERITY GCASSiriCAlION or ERRORS 

EACH ERROR FAliIii INTO ONE OF THE FOl^LOWING CATEGORIES DEPENDING 
ON THE SEVERITY OF THE ERROR, 

3.1 SYSTEM IS DOWN IF COMPOMENT IS DOWN 

EX, RM20 IF ONLY ONE 

3.2 ALL JOBS ARE ABORlEDl 

I, SYSTEM MUST BE RELOADED 

EX, DATA PARITY IN EXEC DATA PAGE 

3 . 3 SOME aOSS ABORTED S 

1, CPU MOST BE RESTARTED BY -ll 

EX, CRAM PARITY ERROR IN USER MODE 

2, CPU CONTINUES TO RUN, MONITOR ABORTS THE aOB 
EX, MEMORY PARITY ERROR IN USER JOB 

3.4 I/O TRANSFER ABORTED 

EX, RECOVERY FAILED ON DEVICE PARITY ERROR 

3.5 RECOVERED ERROR 

EX, RETRY SUCCEEDED ON DEVICE PARITY ERROR 
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4, RECOVERf ACflONS 

tm RECOVERf ACflON mST BE SPECIFIED FOR EAC« fYPE OF ERROR, 
fHE RECOVERY ACf lOM CAN 8ES 

4.1 RETRf THE OPERAftON WltM W CHANGE 

EX, DEVICE DAf A PARITY ERROR 

4.2 REfRX fME OPERAflON IN A DIFFERENT PtACE 

EX, HEAD OFFSET 

4.3 RETRf THE OPERATION DIFFEREHTJ^Y TO GET DIAGNOSTIC 
INFORMATION 

EX, STOP ON ERROR 

4.4 REMOVE FAII^ED COMPONENT OR BAD REGION OF COMPONENT FROM 
FUTURE USSI 

EX, SAD DISK BMCK 

1, AUTOMATICALIilf Bf SOFTWARE 

2, MANUAl*IiY BY OPERATOR 
EX, MEMORY BANK 

4.5 REPORT ERROR TO I 
i , USER 

2, OPERATOR 

3, FIE1*D SERVICE 
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5, ERROR INFORMATION REQWIRED 

FOR EACH ERROR, THE FOLi^OWlSG QUESTIONS MUST BE ANSWERED ABOOT 
THE INFORMATION REPORTED TO THE FOUR AUDIENCES: 

5.1 FIEI^D SERVICBl 

1, IDENTTFX rUNCTIONAli COMPONENT 
EX, WHICH RP04 

2, PERHAPS lOEWTIFy PART OF COMPONENT SO CAN REPj^ACE OR 
REPAIR BOARD 

EX, WHICH BIT ON A PARITY ERROR 

5.2 OPERATOR 

1, WHICH FUNCTIONAI. COMPONENT 

5.3 USER 

t, WHICH FIIiE, JOB OR PROGRAM 

5.4 SOFTWARE! 

1, FONCTIONAI, COMPONENT 

2, REGION OF PONCTIONAI, COMPONENT 
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6. COREECTIVE MAIHTENANCE STRATEGt 

FOR EACH or f HE ERRORS IN EACH OF THE FUNCTIONAL COMPONENTS, WE 
MUST SPECirif ONE OR MORE OF THE FOLLOWING CORRECTIVE 
MAINTENANCE STRATEGIESl 

6.1 WHILE SYSTEM RUNS WITHOUT SYSTEM RELOAD 

1, OFF-LINE TEST 

2, OFF-LINE TIME-SHARING DIAGNOSTICS 

3, MONITOR ERROR REPORTING 

6.2 WHILE SYSTEM RUNS BUT SYSTEM MUST BE RELOADED 

1, OFF-LINE TEST 

2. ON-LINE TIME-SHARING DIAGNOSTICS 
6»3 SYSTEM NEEDED STAND-ALONE 

i, LOCAL TESTING USING - 10 

2, LOCAL TESTING USING • II 

3, REMOTE TESTING USING EXPERT IN MARLBORO 
6,4 STOCKING OF SPARES 

1, ON-SITE 

2, IN REGION HEADClUARTERS 
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7, PREVENTATIVE MAINTENANCE 

FOR EACH ERROR IN EAC« FWNCf lONAL COMPONENT, WE MUST SPECIFY 
ONE OR MORE OF THE FOl.I*OWING PREVENTATIVE MAINTENANCE 
STRATEGIES, 

7.1 WHII,E SYSTEM RUNS »ITHOUT SYSTEM REMAD 

1, OFF-WNE TEST 

2, ON»WNE TIME SHARING DIAGNOSTICS 

7.2 WHIIiE SYSTEM RUNS, BUT SlfSTEM MUST BE RELOADED 

1 , OrF»HNE TEST 

2, ON»I,INE TIME-SHARING DIAGNOSTIC 

7.3 SYSTEM NEIDID STAND^AI^ONE 
[END OF CHIS0S,SPC3 
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ABSfRACt 

fHIS CHAPfER DESCRIiiS THE StSTEM ERRORS DErECf ED BY fiE KIilO 
CPU HARDWARE AND DESCRIBES HOW THE QPERAflNG SYSTEM SOFTiAI^E 
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0, TABLE OF CONTENTS 

1, SUMMARY OF ERRORS 

2, DETAILED DESCRIPTION OF ERRORS 

3, DETAILED DESCRIPTION OF ERROR RECOVERY AND REPORTING 

4, GENERALIZED FLOW CHARTS OF ERROR RECOVERY ALGORITHMS 

§. SAMPLE OUTPUT FROM ERROR REPORTING SYSTEM (SISERR OUTPUT) 

BECAUSE OF MACHINE-READAABLE LIMITATIONS, SOME OF THE TABLES 
AND FIGURES REFERENCED IN THIS CHAPTER WILL BE FOUND IN A 
SEPARATELY PUILISHID ADDENDUM, THESE INCLUDES 

FIGURE II SYStEH DIAGRAM 

FIGURE 2 J APR LAYOUT 

FIGURE 31 ERA LAYOUT 

FIGURE 41 SiUS DIAGNOSTIC CYCLE LAYOUT 

TAiLE 4t DATA PATH PARITY ERRORS 

TABLES? ADDRESS PARITY AND NXM ERROR INDICATIONS 

FLOW CHARfSi PAGE FAIL TRAP » COOE 26 

APR INTERRUPT FOR MEMORY DATA PARITY ERROR 
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1, DIFFERENT TIPE5 OF ERRORS DIfEClED BY THE KtlO 

TABLE 1 SUMMARIZES THE DIFFERENT TYPES OF ERRORS THAT ARE 
DETECTED BV THE Kt, 10 HARDWARE. INCliUDED ARE THE ERRORS 
DETECTED Bf THE INTERNAL CONTROLLER* THE RH20. 

FIGURE 1 IS A DIAGRAM OF THE DATA PATH PARITY NETWORKS IN THE 
KLtO AND IS DESCRIBED IN 1,1, 

FIGURE 2 IS A DIAGRAM OF THE APR ERROR STATUS REGISTER* IT IS 
DESCRIBED IN 1,2, 

FIGURE 3 IS A DIAGRAM OF THE ERA REGISTER AND IS DESCRIBED IN 
■l»3, 

FIGURE 4 IS A DIAGRAM OF THE SBUS DIAGNOSTIC* CYCLES AND IS 
DESCRIBED IN 1,4, 
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TABI^E 1 
ERROR SUMMARY TABLE 
SBUS 

MA20J INCOMPIiETE CfCl»E 

ADDRESS PARITY ERROR 
DMA20t DATA PARITY ERROR 

ADDRESS PARITY ERROR 

MON-EXI STENT MEMORY (NXM) EROR 



MiOX 



EBOX 



RH20 



SBUS ERROR 

SBUS ADDRESS PARITY ERROR 

DATA PARITY ERROR 

PAGE lASIiE PARITY ERROR 

CACHE DIRECTORY PARITY ERROR 

MOK-EXISTENf MEMORY (NXM3 ERROR 

AR OR ARX PARITY ERROR 
EBUS PARITY ERROR 
FAST MEMORY PARITY ERROR 
D RAM PARITY ERROR 
C RAM PARITY ERROR 

DATA PARITY ERROR 
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l,t KWO DATA PATH PARITY NETWORKS 

PARITY IS GENERATED IN VERY FEW Pl^ACES IN THE SYStBM, THE 
GENERAIi PHll,OSaPHY IS TO HAVE PARITY GENERATED ONCE AND THEN TO 
HAVE IT PASSED ALONG FROM COMPONENT TO COMPONENT AND CHECKED AS 
If GOES, IN THIS WAY, THE CHANCE THAT AN ERROR GOES UNDETECTED 
IS MINIMIZED, EFFECTIVELY THERE ARE ONLY TWO PARITY GENERATION 
NETWORKS (PG) IN THE SYSTEM, ONE IS ON THE OUTPUT SIDE OF THE 
ARITHMETIC REGiSTERf AR CriGUREl), AND THE OTHER IS ON THE 
OUTPUT OF THE CHANNEL STATUS RAMS, WHENEVER DATA LEAVES THE 
ARITHMETIC REGISTER TO GO TO THE CACHE, TO FAST MEMORY, TO THE 
EBUS, OR TO THE MEMORY BUFFER, A PARITY SIT IS GENERATED AND 
THAT PARITY BIT REMAINS WITH THE DATA IN THE CACHE, IN FAST 
MEMORY, TO THE EBUS, OR THE MEMORY BUFFER, 

THERE ARE INSTANCES WHERE THE DATA PATHS DECREASE FROM 36 BITS 
TO 18 BITS, OR EXPAND FROM 18 BITS TO 36 BITS, IN THESE CASES, 
A PARITY FOLDING GENERATION OCCURS, THIS HAPPENS ON THE INPUT 
SIDE or THE PAGE TABLE AS DATA PASSES FROM THE MEMORY iUrFER 
INTO THE PAGE TABLE AND A CONVERSION IS MADE FROM 36 SITS TO 18 
BITS (AND A PARITY BIT GENERATED TO CHECK EACH 18 BITS), THE 
SAME THING HAPPENS AS DATA PASSES FROM THE RHgO TO THE CHANNEL, 
THE RHaO DEALS WITH 18 BIT ENTITIES AND THE CHANNEL DEALS WITH 
36, 

THERE ARE SIX PARITY CHECKING NETWORKS IN THEMAaOR DATA PATH 
OF THE SYSTEM, THE FIRST PARITY CHECKING NETWORK IS ON THE 
OUTBOARD SIDE OF THE DMA20, THUS PARITY IS CHECKED ON DATA 
BEING RECEIVED FROM THE MflO AND INfERING THE DMA20, AND PARITY 
IS CHECKED AS DATA LEAVES THE DMa20 AND STARTS DOWN THE KgUS TO 
THE MFIO, THE NEXT PARITY CHECKING NETWORK IS LOCATED AT THE 
OUTPUT OF THE MEMORY BUFFER (MB) REGISTERS, WHENEVER DATA 
LEAVES A MEMORY BUFFER, FOR THE DMA20, HARDWARE PAGE TABLE, 
CHANNEL, CACHE, ARITHMETIC REGISTER CAR), OR THE ARITHMETIC 
REGISTER EXTENDER CARX), ITS PARITY IS CHECKED. 

THE THIRD PARITY CHECKING NETWORK IN THE SYSTEM IS LOCATED ON 
THE OUTPUT SIDE Of THE PAGE TABLE, THUS PARITY IS CHICKED 
WHENEVER DATA COMES OUT OF THE HARDWARE PAGE TABLE, 
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THE FOWRTH PARITY CHECKING JfETWORK IS OM THE OUTBOARD SIDE OF 
THE RH20, THIS PARITY SETWORK CHECKS DATA PARITY COMING FROM 
THE ROTATING DEVICE INTO THE RH20 FROM THE MASSBUS AND CHECKS 
PARITY ON DATA LEAVING THE RH20 AND BEING PUT ON THE MASSSUS TO 
GO OUT TO THE ROTATING DEVICE, 

THE FIFTH PARITY CHECKING NETWORK IS ON THE ARITHMETIC 
REGISTER, IT CHECKS DATA ARRIVING AT THE ARITHMETIC REGISTER 
FROM MEMORY, 

THE MST PARITY CHECKING NETWORIC Of THE MAJOR DATA PATH IS ON 
THE ARITHMETIC EXTENSION REGISTER, IT CHECKS DATA ARRIVING AT 
THE ARX FROM MEMORY, 

AODITIONAI«l*Y# THERE ARE THREE OTHER PARITY NETWORKS IN THE 
SYSTEM, THE FIRST IS ON THE OUTPUT OF FAST MEMORY, IT CHECKS 
STORED PARITY AND DATA COMING FROM FAST MEMORY. 

THE OTHER TWO ARE ON THE OUTPUT or THE CRAM AND THE OUTPUT OF 
THE DRAM, HERE, THE PARITY IS CHECKED ON EACH WORD BEFORE IT 
IS USED BY THE MICRO iORD CONTROIjS, 
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i,2 APR ERROR STATUS REGISTER - AS DESCRIBED I*J CHAPTER 2.6, 
INTERNAL DEVICES, THE APR COW AND CONI OPERATIONS AtiliQW THE 
ENABIilNG, DISAiLING, SETTING, AND CI*EARING OF EIGHT ERROR 
CONDITIONS, THESE ERRROR CONDITIONS ARE SBUS ERROR, 
NON-EXISTENT ME«ORy ERROR, PARITY ERROR, I/O PAGE FAIL ERROR, 
CACHE DIRECTORY PARITY ERROR, SBUS ADDRESS PARlTX ERROR, POWER 
FAILURE, AND CACHE SWEEP DONE, FOUR BITS IN THE CONO WORD ARE 
USED TO INDICATE WHETHER OR NOT TO ENABLE THE SEI.ECTEOri.AGS, 
DISABliE THE SELECTED FLAGS, CLEAR THE SELECTED FLAGS, OR SET 
THE SELECTED FLAGS, THESE ARE BITS 20 - 23, RESPECT IVELI, 
BITS 24 * 31 ARE USED FOR THE SELECTED FLAGS, BIT 32 IS A 1 TO 
INDICATE THAT ONE OF THE SELECTED FLAGS IS TRUE, BITS 33 • 3S 
ARE THE PI LEVEL FOR THE APR DEVICE. BITS 6 * 13 OF THE CONI 
WORD INDICATE WHICH OF THE SELECTED FLAGS ARE ENABLED, BIT 19 
IS A 1 ON A CONI IF THE CACHE SWEEPER IS BUSY, BIT 19, ON A 1 
ON THE CONO, IS THE I/O RESET AND RESETS ALL THE I/O IN THE 
SYSTEM, THE SOFTWARE IS ABLE TO TEST FOR MANY OF THESE MEMORY 
ERRORS BY ARTIFICALLY INSERTING A REAL ERROR IN THE SYSTEM AND 
THEN OBSERVING WHAT HAPPENS WHEN THE S¥STEM REFERENCES THE 
HEMORY, CHAPTER 2,6 SHOWS HOW THE SOFTWARE CAN WRITE INCORRECT 
PARITY USING CONO PI ON BITS 18, I9# AND 20, 
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1,3 ERROR ADDRESS REGISTER - ERA 

THE MBOX HAS AN INTERNAI. REGISTER CAl»l<EO THE ERROR ADDRESS 
RtGlSTER, OR ERA (FIGURE 3) , THIS REGISTER CONTAINS THE I*A$T 
ADDRESS REQUESTED FROM THE MEMORY SYSTEM Al^ONG WITH ERROR ri^AGS 
INDICATING WHAT KIND OF OPERATION (READ, WRITE, ETC») HAD BEEN 
REQUESTED OF THE MEMORY, THE ERA REGISTER MTCHES ON AW ERROR 
CONDITION SI6NA1.ED BY THE MEMORIES AND IS NEWfeR CHANGED UNTll* 
THE SOFTWARE IS Ail^E TO COPY OUT THE ERROR INFOKMATION, THE 
SOFTWARE THEN INDICATES THAT IT HAS DONE THIS AND THE ERA 
REGISTER IS FREE TO RECORD THE NEXT ERROR THAT MAY OCCUR, IN 
OTHER WORDS UNTIL AN ERROR OCCURS, THE ERA REGISTER IS CHANGING' 
WITH EVERY ADDRESS THAT IS SEIMG SENT BY THE MBOX TO THE MEI^ORY 
SYSTEM FOR READING OR WRITING, AS SOON AS AN ERROR OCCURS THE 
ERA REGISTER IS IiATCHED AT THE I,AST ADDRESS SENT BY THE MBOX TO 
THE MEMORY SYSTEM AND REMAINS THAT WAY UNTIL THE SOFTWARE IS 
ABI»1 TO COPY OUT THE ERROR ADRESS AND THE OPERATION BEING DONE 
AND HAS RECORDED IT FOR FlEfcO SERVICE IN THE SYSTEM ERROR liOG. 

THERE ARE THREE ERROR BITS IN THE APR STATUS REGISTER WHICH 
INDICATE TO THE SOFTWARE (ON AN INTERRUPT ON THE APR) THAT THE 
ERA REGISTER CONTAINS ERROR INFORMATION, THESE THREE BITS IN 
THE APR REGISTER ARES NIMERR (BIT2S), MB PAR ERR (BIT 27), 
AND SBUS ADR PAR ERR (BIT 293, THE SOFTWARE THEN READS THE 
CONTENTS or THE ERA REGISTER, USING THE APPROPRIATE INTERNAl, 
DEVICE CODE, (BLKI PI), AFTER THE SOFTWARE HAS COPIED OUT THE 
INFORMATION IN THE ERA REGISTER, THE SOFTWARE MUST d-EAR THE 
THREE BITS IN THE APR REGISTER IN ORDER TO hhhm THE ERA 
RiGlSTER To BE READY FOR A SUBSEQUENT ERROR, 
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J,3,l IiAYOUT OF THE ERA REGISTER • BITS H - 35 CONTAIN THE 
22»BIT PHYSICAIi ADDRESS REQUESTED BY THE EBOX OF THE MBOX, 
SifS ANO 1 OF THE ERA REGISTER IWICATE IN WHICH OF THE POUR 
WORDS (THAT THE MBOX REQUESTS OF THE MEMORY SYSfEM) THE ERROR 
OCCURRED, WHENEVER THE MSOX MAKES A REFERENCE TO MEMORY, IT 
REQUESTS FOUR WOR0S AT A TIME, WITH THE WORD THAT THE EBOX 
NEEDS BEING RIOUESTED FIRST AND THE OTHER THREE FOl^liOWlNG IN 
aUICK SUCCESSION, BITS AMD 4 INDICATE WHICH Or THE FOUR 
WORDS IN THE 4»WQRD BLOCK HAD THE ERROR, WHII^E BITS 14 - 35 
INDICATE THE 22-pBIT PHYSICAL ADDRESS THAT IS NEEDED lY THE 
EBOX, SIT 2 IS NAMED THE CCA REF BIT. IT IS A I IF THE MEMORY 
ERROR OCCURRED WHILE THE CACHE WAS SWEEPING. BIT 3 IS CALLED 
THE CHAN REF BIT. IT IS A 1 IF THE ERROR OCCURRED WHEN THE 
CHANNEL WAS MAKING A REFERENCE TO MEMORY, BITS 4 AND 5 
COMPRISE A DATA SOURCE CODE THAf INDICATES WHERE THE DATA IN 
THE MB'S ORIGINATED. THE DATA MAY COME FROM THE MEMORY ON A 
READ OR A READ-PAUSE-WRITE ? DATA MAY COME FROM THE CHANNEL ON 
A STORING STATUS, I.E., WRITING INTO MEMORY? DATA MAY COME 
FROM THE AR ON AN EBOI WRITEf DATA MAY COME FROM THE CACHE ON 
A PAGE REFILL OR CHANNEL READ OPERATION? OR DATA MAY COME FROM 
THE CACHE ON A WRITE OPERATION TO MEMORY. BIT 6 IS THE WRITE 
REFERENCE BIT. IT IS A 1 IF A MEMORY WRITE OPERATION WAS IN 
PROGRESS WHEN THE ERROR OCCURRED, IT IS A ON THE READ 
PORTION OF A READ»PAUSE*WRITS, THE DATA SOURCE FIELD IS NOT 
VALID ON AN ADDRESS PARITY ERROR, 
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1,4 SSUS DIAGNOSTIC CYCLES 

THE says DIAGNOSTIC CYCLE IS USED FOR COMMONICAflON BETWEEN THE 
MBOX AND THE INTERNAL MEMORY CONf ROLLERS, AS THERE ARfi NO 
SWITCHES ASSOCIATED WITH THE INTERNAL MEMORY CONTROLLERS, 
FUNCTIONS SOCH AS ADDRESS BOUNDARIES, IMflRLEAVE MODE, MARGINS 
ERROR REPORTING, ETC ARE CONTROLLED USING THE DIAGNOSTIC 
CYCLE, A DIAGNOSTIC CYCLE IS EXECUTED BY THE BY THE «BOX 
ASSERTING THE SSUS DIAG, SIGNAL AND USING THE 36 SBUS DATA 
LINES FOR TRANSFERRING INFORMATION, THERE WILL BE A PDP*IO 
MACRO INSTRUCTION WHICH TAKES A 36 »IT INPUT ARGUMENT AND 
RETURNS A 36 BIT OUTPUT ARGUMENT, THE MICROCODE FOR THIS 
INSTRUCTION PUTS THE 36 BIT INPUT ARGUMENT IN THE AR AND TELLS 
THE MBOX TO EXECUTE AN SgUS DIAGNOSTIC CYCLE, WHEN THE MBOX 
TURNS ON ITS MBOX RESPONSE SIGNAL THE MICROCODE CLOCKS THE 
CONTENTS OP THE CACHE DATA LINES INTO THE AR AND RETURNS IT AS 
THE OUTPUT ARGUMENT 



TIfiO FUNCTION COOES, AND I, HAVE BEEN DEFINED AND ARE FULLY 
DESCRIBED IN CHAPTER 3.7 OF THIS SPECIFICATION, DESCRIBED HERE 
IS A SUMMARY OF BOTH FUNCTIONS DURING THE 2WD HALF OF THE 
CYCLE, CALLED "FROM MEMORY", THESE ARE INTEREST IN THIS 
CHAPTER BECAUSE BOTH FUNCTIONS PROVIDE SEVERAL OF THE 
INDICATIONS AND STATUS REQUIRED DURING ERROR RECOVERY, 

THE CONTROLLER ADDRESS NEEDED TO SPECIFY WHICH CONTROLLER THE 
MBOX IS COMMUNICATING WITH IS PUT IN BITS TO 4 OF THE "TO 
MEMORY" WORDS FOR BOTH FUNCTIONS, 



ADDRESSES TO 3 ARE FOR TEE INTERNAL 
MB20, AND AODREiS 4 IS FOR THE DMA20, 



CONTROLLERS, MA20 OR 



1,4,1 FUNCTION 0, "FROM MEMORY" 



BITS 0»§ 



O-l 
2 

3 
4 
5 



EXPANSION 
INCOMPLETE CYCLE 
READ PAR ERR 
WRITE PAR ERR 
ADR PAR ERR 



THESE ARE ERROR REPORTING FLAGS IN THE MEMORY CONTROLLERS, 
WHICH ARE CLEARED WHEN BIT 5 IS ON A *ONE» IN THE 1ST HALF OF 
FIUNCTION 0, THE OMA20 DOES NOT IMPLEMENT THE INCOMPLETE Cf CLE 
BIT AND THE MA20 AND M820 CONTROLLERS DO NOT IMPLEMENT THE READ 
OR WRITE PAR ERROR BITS, 

ilfS §»7 THESE BITS REPORT THE INTERLEAVE MODE OF THE 
CONTROLLER WITH THE 00 COMBINATION USED TO INDICATE AN OFF LINE 
OR HON EXISTENT MEMORY CONTROLLER, 

BITS 8«3S THESE BITS CONTAIN THE ADDRESS INFORMATION OF 
THE MOST RECENT CYCLE OR OF THE 1ST PARITY ERROR, BITS8»ll 
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CONf AIN fHE SBUS ROO -p R03, BITS 12 AND 13 THE RD AND WR RQ AND 
BITS 14*35 THE SBUS ADR BITS, THIS FEATURE IS NOT IMPLEMENTED 
IN THE MA20 OR MB20, 



1,4,2 FUNCTION I, "FROM MEMORY" 

BITS 0-7 THESE BITS INDICATE THE NUMBER OF STORAGE 
MODUIiES PER CONTROLLER, EACH BIT ON A "ONE* INDICATES THE 
PRESENCE OF A STORAGE MODULE, ALL BITS ESUAL MEANS SIZE 
UNKNOWN, DMA20 SENDS BACK 0, 

MA20 AND MB20 INDICATES STORAGE MODULES AS FOLLOWS, 

i 2 3 4 5 6 7 

00 1 SMO 

10 SMI 

10 SM2 f 

1 SM3 



BITS 8-1 1 



BIT 12 



NOTE! 



BIT 13 
BIT 14-21 

BITS 22-2 5- 

BITS 26-29 
BIT 30 
BIT 31 
BITS' 32-35 



MEMORI TlfPE 

» CUSTOMER 

1 « MA20 

2 s DMA20 

3 » «B2a 

4-17 C 83 EXPANSION 

LOOP BACK SET 

THE FOLLOWING BITS (13-3S) ARE NOT 
IN DMA20, 

POWER SUPPLY FAILING 



IMPLEMENTED 



ADDRESS BOUNDARY SET OP IN tST HALF OF FUNCTION 

1 ■ - ■ 

ADDRESS BOUNDARY SET UP IN tST HALF OF FUNCTION 
1 

EXPANSION 

MARGINS SELECTED 

EXPANSION 

INDICATES WHICH WORD RQS ARE ENABLED 

32 • SBUS Rao ENABLE 

33 - SBUS RQl ENABLE 

34 • SBUS Ra2 ENABLE 

35 - SiUS RQ3 ENABLE 
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A SUMMARY OF BOTH FUMCflONS IS SHOWN IN FIGURE 4, 
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2, OETAIJiEO DESCRIPTION OF EROR DETECTION 

TABJbE 2 CONTAINS A 0ETAII,E0 DESCRIPTION OF THE VARIOUS ERROR 
CONDITIONS IiISTED IN TABI.E 1, 

TASl»E 2 

DESCRIPTION OF ERRORS 

PI.ACE Tf PE or ERROR DESCRIPTION OF ERROR 

SBUSf 

MA20 



INCOMPI,ETE CYCtiE 



ADDRESS PARITY ERROR 



DMA20 DATA PARITY ERROR 



OCCURS ON A READ*PAUSE-WRITE 
CRP«3 CYCiE MHEN PROCESSOR 
rA»S TO SEND VAIiID DATA TO THE 
MEMORY TO INITIATE THE WRITE 
PORTION or THE RP« CYCI.E C8,0 
USEC TIME'OOT) AND ON ANY CYCfcE 
WHICH THE MEMORY FAItS TO 
COMPliETE BEFORE THE TIME»OUT, 
MA20 SIGNAI.S OCCURANCE OF THIS 
ERROR BY SENDlNa SBUS ERROR TO 
THE PROCESSOR, 

CAN OCCUR AT THE START OF ANY 
HEMORY CYCiiE. PROCESSOR W I tl, 
BE NOTIFIED OF THE OCCURRENCE 
OF AN ADDRESS PARITY ERROR 
WITHIN 12S USEC AFTER IT SEiS 
THE FIftST ACKNOWLEDGE, MA20 
SIGNAIiS OCCURRENCE OF THIS 
ERROR BY SENDING SBUS ADDRESS 
PARITY ERROR TO THE PROCESSOR, 
THE ADDRESS OF THE liOCATION THE 
PROCESSOR WAS ATTEMPTING TO 
REFERENCE WHEN THIS ERROR 
OCCURID WILL SBE LATCHED IN THE 
ERA REGISTER IN THE PROCESSOR, 
AN ADDRESS PARITY ERROR FLAG 
WILL BE SET IN THE MA20 TO 
INDICATE THE OCCURRENCE OF THIS 
ERROR, 

READ DATA PARITY AND WRITE DATA 
PARITSf ARE BOTH CHECKED IN THE 
DMA20 DURING THE THREE TYPES OF 
MEMORY CYCLES, EACH TYPE OF 
PARITY ERROR SETS APPROPRIATE 
FLAGS IN THE DMA20 STATUS 
REGISTER, THE DMA20 ERROR 
DETECTION LOGIC ALSO STORES THE 
ADDRESS or THE FIRST ERROR IN 
THE DMA20 ERROR ADDRESS 
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ADDRESS PARITY IRROR 



nXM ERROR 



REGISTER UNfll, THE ERROR BIT 
ASSOCIATED WITH THAT ERROR IS 
CI^EARED, A CUMULATIVE ERROR 
SIGWAL (SBUS ERROR) IS SENT TO 
THE M80X, m MRITE CYCLES, THE 
ERROR SIGNAL MAY NQT ARRIVE AT 
THE PROCESSOR OMTIL SOQ MSEC 
AfflR THE LAST ACKNOWLEDGE, ON 
READ CYCLES, THE ERROR SIGNAL 
MAY NOT ARRIVE AT THE PROCESSOR 
UNTIL 2S0 NSEO AFTER THE LAST 
WORD ARRlVgS, DMA20 SIGNAL 
OCCURRENCE Of THIS ERROR BY 
SENDING SfiUS ERROR TO THE 
PROCESSOR, 

CAN OCCUR AT THE START OF ANY 
MEMORY CYCLE. PROCESSOR ^ILL 
BE NOTIFIED OF THE OCCURRLNCE 
OF AN ADDRESS PARITY ERROR 
WITHIN 125 USEC AFTER IT SEES 
THE FIRST ACKNOWLEDGE, DMA20 
SIGNALS OCCURRENCE OF THIS 
ERROR BY SENDING SBUS ADDRESS 
PARITY ERROR TO THE PROCESSOR, 
THE ADDRESS OF THE LOCATION THE 
PROCESSOR WAS ATTEMPTING TO 
REFERENCE WHEN THIS ERROR 
OCCURED WILL BE LATCHED IH THE 
ERA REGISTER IN THE PROCESSOR, 
AN ADDRESS PARITY ERROR FLAG 
WILL BE SET IN THE DMA20 TO 
INDICATE THE OCCURRENCE OF THIS 
ERROR, THE ADDRESS THE THE 
DMA20 RECEIVED AT THE TIME OF 
THE ERROR WILL BE LATCHED IN 
THE DMA20 ERROR ADDRESS 
REGISTERS. NOTE J THAT ADDRESS 
PARITY IS ONLY CHECKED FOR SBUS 
ADDRESSES AND DOES NUT INCLUDE 
KBUS ADDRESSES, 

IF AN ACKNOWLEDGE CACK) IS 
RECEIVED FROM THE FIRST STORAGE 
MODULE, AND ANY SUBSEQUENT 
REFEREKCl IN THE CYCLE DOES NOT 
RECSI VE AN ACK ( I , E, , A STORAGE 
MODULE DID NOT RESPOND), THEN A 
NON*EXlSfENT MEMORY CNXM) FLAG 
IS SET IN THE DMA STATUS 
REGISTER AND THE 0MA2O EROR 
ADDRESS REGISTER IS FROZEN I« 
THE SAME WAY AS AN ADDRESS OR 
DATA PARITY ERROR, THE TIME 
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MBOX 



SiUS ERROR 



SBUS ADDRESS PARITY 
ERROR 



OUT FOR THIS ERROR IS 28 USEC. 
THE PROCESSOR WII,!, BE NOTIFIED 
IWMEDIATEl,^ AFTER THE TIME OUT 
BY THE DMA20 SENDING S8US 
ERROR, 

mEU THE MBOX SEES SBUS ERROR 
FROM THE MA20 OR DMA20 IT SETS 
THE SBUS ERROR APR ri^AG IN THE 
EiOX, NO VA4.ID INFORMATION IS 
mhD IN THE ERA ON OCCURRENCE 
OF THIS EROR, 

WHEN THE MSOX SES SBUS ADDRESS 
PARITY ERROR FROM THE MHaO OR 
DMA20 THE M80X SETS THE SSUS 
ADR PAR ERR FIiAG IN APR STATUS 
REGISTER, ERA REGISTER IN MBOX 
IS LATCHED WHEN ERROR IS 
DETECTED AND DOES NOT UNl«ATC« 
UNTIL SOFTWARE CLEARS THE APR 
FLAG AFTER HAVING COPIED THE 
DATA OUT OF THE ERA, 

THE PARITY OF ALL DATA LEAVING 
THE MB'S IS CHECKED, IF THE 
PARITY IS FOUND TO BE 
INCORRECT, THEN THE ADDRESS OF 
THE LOCATION REFERENCED* A 
3-BIT CODE INDICATING THE 
SOURCE OF THE DATA, AND TWO 
BITS INDICATING THE MB THAT 
HELD THE BAD WORD WILL BE HELD 
IN THE ERA, THIS INFORMATION 
HILL BE HELD UNTIL THE MB 
PARITY ERROR FLAG IN THE ESOX 
CAPR STATUS WORD) IS CLEARED, 

PAGE f ABLE PARITY ERROR THIS TYPE OF ERROR FORCES A 

PAGE FAIL TRAP »ITH A CODfi OF 
2§, THE ERROR COULD HAVE BEEN 
THE RESULT OF A MEMpRY OR CACHE 
DATA PARITY ERROR ON A PAGE 
REFILL, IF NOT, THEN THE 
HARDWARE PAGE TABLE MAY HAVE A 
FATAL ERROR, IN THIS LAST 
CASE, IF THE FAILURE IS SOLID 
THEN THE HARDl ARE PAGE TABLE IS 
UNUSASLE, 



DATA PARITY ERROR 



CACHE DIRECTORY 
PARITY ERROR 



FLAG IS SET IN APR REGISTER 
WHEN A PARITY ERROR IS DETECTED 
IN CACHE DIRECTORY. THE CACHE 
IS EFFECTIVELY TURNED OFF AT 
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NXM ERROR 



EBOX AR/ARX PARITY ERROR 



mm PARITY ERROR 



FAST MEMORY PARITY 
GrKROR 



THE ENO or THE CURRENT MEMORY 
REFERENCE, THE CACHE Wlhh 
REMAIN «0rF» UNTII, THE CACHE 
DIR PAR ERR FI.AS IN THE APR 
STATUS REGISTER IS CI.EARE0, IN 
liINE WITH THE ORIGINAI, PARITY 
SCHEME GOAfcS, THIS ERROR IS 
NON*RgC0VERABlig 0Y THE KI<IO 
SOFTWARE SOT THE U IS ABJjE tO 
SCAN THE CACHE IN A DIAGNOSTIC 
MODE ANO TORN OFF THE AFFECTEI) 
CACHE BEFORE MONITOR REhOkD IF 
THE ERROR IS REPR00UCEA81.E, 

AN ERROR FI,AG IS SET IN THE APR 
REGISTER WHEN A NON-gXISfENT 
MEMORY I^OCATION IS AO0RESSEO, 
ON MBOX READS FROM MEMORY, THE 
MBOX SUPPI^IES FOUR WQROS OF 
ZEROES TO THE EBOX MITH BAD 
PARITY, SO EBOX »Il,L GET A DATA 
PARITY TRAP, OH Miox WRITES TO 
MEMORY, THE DATA IN THE Mi 'S IS 
DISCARDED, THE ERA REGISTER IN 
THE MBOX IS l,ATCHED WHEN THIS 
TYPE OF ERROR OCCURS, 

Al^Ii DATA ENTERING THE AR/ARX TO 
BE USED fiY THE EiOX IS PARIff 
CHECKED BEFORE IT IS USED, IF 
A FAII^URE is DETECTED, A PAGE 
FAII* TRAP OCCURS WITH A CODE OF 
26,., 

Ahh WORDS ENTERING THE AR/ARX 
FROM THE E8US ARE CHECKED FOR 
CORRECT PARITY IF PARITY HAS 
BEEN GENERATED BY THE 
TRANSMITTING DEVICE, IF AN 
ERROR IS DETECTED, AW I/O PAGE 
FAIL INTERRUPT OCCURS AND THE 
MONITOR HAS THE ABII^ITY TO 
DETERMINE THAT THE BAD DATA WAS 
RECEIVED FROM THE EBUS, NOTE 
THAT AS •11 DEPOSIT TO •10 
MEMORY CAM CAUSE A PARITY 
INTERRUPT WHICH HAS NOTHING TO 
DO WITH THE -10 INSTRUCTION 
BEING EXECUTED, 

EACH WORD STORED IN FAST MEMORY 
HAS ODD PARITY GENIRATBD AS IT 
liEAVES THE AR, PARITY IS 
CHECKED IF THE FAST MEMORY WOftD 
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PAGE i7 



CRAM & ORAM PARITX 
ERRORS 



RH20 DAtA PARITY ERROR 



IS BEIHG READ OOT tHROUGM THE 
ADB MISER, rr AM ERROR |S 
DEf ECfED, fHE EBOX OfcOCiC IS 
HAl^TED If FAST MEMORY PARItf 
CHECKING IS ENABljED B¥ THE 
CONSOLE PROCESSOR (USllAt,), 

Q0D PARITY IS GESERATED AND 
STORED FOR EACH WORD If THE 
MICRO^CODE ASSEJ«Bi<Y PROGRAM AUD 
MADED into THESE RANS EAC« 
TIME THEY ARE l»d ABED, THIS 000 
PARITY IS CHECKiD EACH TIME A 
WORD IN EITHER RAM IS 
REFEREHCEO, IF AN ERROR OCCURS 
AND THE HAM ON ERROR 
DIAGNOSTIC FUNCTION IS ENABLEO 
C0SttAI.3, THE EBOX CI^OCIC IS 
HAIjTED, 

OCCURS WHEN RH20 DETECTS BAD 
PARITY ON A DAtA TRAWSfER FROM 
THE DEVICE, IF DISABLE XFgR 
ERR STOP IS SET, THE X-PgR mhb 
CONTINUE AFTER A STATUS FLAG IS 
SEf, IF (NORMAL CASE 3 THE 
DISABLE XFER ERR STOP IS NOT 
SET, THi EXC IS ALSO SET AND AM 
INTERRUPT IS SENT TO THE EBOX. 
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3, tiZtklhm DESCRIPflON OF ERROR RECOVERY ANO REPORTING 

3,1 DATA PARITf ERRORS 

fABl*E 4 IS A COMPREHENSIVE CHART OF DATA PARITY ERRORS DETECTED 
THROUGHOUT THE SXSTEM, THE CHART SHOWS HOW THE ERRORS ARE 
INDICATED TO THE SOFTHAREr WHAT CONOITIOHS CAUSE THESE ERRORS* 
WHAT PART or THE SYSTEM IS BRDKiN, AND HOW THE SOfTWARE 
RECOVERS FROM AN ERROR. THE COJjUMN INDICATING WHICH PART IS 
BROKEN IS HELPFUl. IN DESIGN ISG THE ERROR REPORTING SYSTEM SO 
THAT THE AREA OF FAIWRE CAW IE OUlClCtY ISOLATED AND REPORTED 
TO F1EI»D SERVICE, 

3,1,1 DESCRIPTION OF PARITY ERROR TABI.E 

THE FIRST DATA COLUMN OF TABLE 4 INDICATES WHETHER THE CACHE IS 
BEING USED BY THE SYSTEM OR NOTt I,E,# IS IT ON OR OFF, NOTEl 
IF C BIT (CACHE) IS OFF IN THE^AGE TASLE ENTRY AND THE DATA IS 
NOT IN THE CACHE, THE POSSISIliITlES ARE THE SAME AS THE ERRORS 
WITH CACHE OFF, THE SECOND DATA COLUMN OF THE TABLE INDICATES 
WHETHER THE OPERATION BEING PERFORMED IS A READ* WRITE, OR 
READ-'PAUSE*WRITE TO THE MEMORY SYSTEM, THE THIRD DATA DOLUMN 
INDICATES WHETHER THE MEMORY INVOLVED IN THE ERROR IS INTERNAL 
MEHORY OR EXTERNAL MEMORY, THE FOURTH DATA COLUMN, LABELED 
WHERE DETECtEDf INDICATES WHICH SYSTEM COMPONENT DETECTED THE 
PARITY ERROR, IN *«ANY CASES* MORE THAN ONE FUNCTIONAL 
COMPONENT WITHIN THE SYSTEM MILL DETECT THE: ERROR, FUNCTIONAL 
COMPONEKTS LISTED ARE I THE DMA20, THE MA20# THE MEMORY BUFFER 
REGISTERS (CAI^bED Mg'S), THE ARITHMETIC REGISTER IN THE EBOX 
(CALLED AR), THE PAGE TABLE DIRECTORY (CALLED PT), AND THE 
RH20, 



THE LAST THREE ENTRIES IN THE WHERE DETECTED COLUMN INDICATES 
WHICH OF THREE SYSTEM COMPONENTS IS MAKING A MEMORY REFERENCE 
OR IF IN FACT A MEMORY REFERENCE IS INVOLVED AT ALL, THESE 
COMPONENTS ARES THE MBOX* IN RESPONSE TO THE EBOX| THE Mi AS 
f'ART OF THE CACHE SWEEP OPER AT ION (CCA REF ) | AND THE CHANNELS 
(CHAN REF), 

THE NEXT DATA COLUMN IN TABLE 4 IS LABELED DATA CODE, IT IS 
THE 3»iIT DATA CODE RETURNED TO THE SOFTWARE WHEN IT READS THE 
ERA STAfUS REGISTER, OF THE EIGHT POSSIBLE COMBINATIONS OF 3 
BITS* ONLY SIX ACTUALLY OCCUR IN PRACTICE, THE FIRST TWO BITS 
INDICATE THE DATA SOURCE CODE AND THE THIRD BIT, IF A 1, 
INDICATES THAT A WRITE OR WRITE PORTION OF A RiAD»PAUSE«WRlTE 
WAS BUNG RERFORMED, 

THE SEVENTH DATA COLUMN IN TABLE 4 INDICATES THE SOURCE OF THE 
DATAt I, E,, WHERE THE DATA WAS COMING FROM WHEN THE ERROR WAS 
DETiCTEO, FOR EXAMPLE, ON A READ FROM MEMORY, THE DATA SOURCE 
WOULD BE LISTED AS MEMORY READ OR READ-PAUSE-iRlTE. IN OTHER 
CASES, THE SOURCE OF DATA GOULD BE THE MBOX IN THAT THE ERRORS 
WERE DETECTED DURING THE WRITE PART OF THE READ«PAUSE«WRITE, 



I080f2040f2060 ENGINEERING FUNCTIONAL SPEC • CHAP 1,6 PhQE 19 
Kill ERROR OETECf ION, RECOVERlf AND REPORTING 

THE NEXT OAf A COLUMN CONTAINS FIVE BITS FROM THE APR REGISTER 
AND A SIXTH JIT TO INOICATi AN INTERRUPT FROM TUB RH20, THE 
FIRST BIT IS A I IF THE ERROR OCCURRED ON DATA COMING FROM 
MEMORY! THATA BIT IS CALLED MEM DATA. THE NEXT TWO BITS ARE A 
I IF THE ERROR INVOLVED THE SBUS, THE FIRST IS LABELED SBUS 
ERROR, SBUS ERRORS ARE THEN ERRORS IN THE 3&»BIT »ORD BEING 
SENT ON THE SBUS OR FAILURES OF THE MEMORY TO COMPLETE ITS 
C¥CLS, THE NEXT BIT IS LABELED SBUS ADDRESS PARITT ERROR AND 
IS A I IF THE ERROR WAS DETECTED IN THE ADDRESS BEING SENT ON 
THE SBUS, AS OPPOSED TO DATA, 

THE FOURTH BIT IS A 1 IF THE PARITY ERROR OCCURRED IN THE CACHE 
DIRECTORT, IT IS CALLED THE CACHE DIRECTORY I»ARITY ERROR, THE 
FIFTH BIT LABELED NXM, IS A 1 IF A HON«BXIStBNT MEMORY IS 
DETECTED, THE SIXTH BIT INT FROM RH20, IS DISCUSSED IN 
PARAGRAPH 3,3,2, NOTE, IN THIS 6»8IT DATA COLUMN, THAT SEVERAL 
ERROR BITS MAY SIMULTANEOUSLY BE 1, 
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3,2 SUMMARY OF ERROR RECOVERy 

f HERE ARE fWO »AY§ IN WHICH PARIft ERRORS ARE lUDICAfED fO THE 
•10 SOFfiARE. fHE riRST «kt IS WITH A f RAP, A TRAP IS AN 
IHfERRUPTIOH OF THE INSTRllCTION SEQUENCE OF THE CPU CAUSED &X 
THE ATTEMPT TO EXECUTE THAT INSTRUCTION, CONTROL THEN PASSES 
TO A TRAP ROUTIHE WHICH ATTEMPTS TO SI*VE THE PROBLEM, IM hhh 
CASES, MHEM A TRAP OCCURS, THE SOFTWARE IS ABLE TO RETRY A»0, 
If THE ERROR DOES NOT REPEAT, THE CONDITION HAS 0EEN 
SUCCESSFULLf RECOVERED, THE TRAPS ARE I 

1. PAGE FAIl, TRAP • PAGE TABLE PARI Tf ERROR, CODE 25 

2, PAGE FAIL TRAP • AR/ARX DATA PARITY ERROR, CODE 26 

THE SECOND HAY IN WHICH ERRORS ARE INDICATED TO THE SOFTWARE IS 
BY AN INTERRUPT ON THE APR, INTERRUPTS OlfFER FROM TRAPS IN 
THAT THEY ARE USUALLY CAUSED iY AN EXTERNAL ACTIVITY OTHER THAN 
AN EBOX REQUEST FOR A MEMORY WORD, FOR EXAMPLEt AN I/O 
OPERATION, THE CACHE DOING SOME OPERATION SUCH AS WRITE BACK 
WHICH IS NOT IN RESPONSE TO A REQUEST BY THE EBOX, OR THE 
READING OF THE REMAINING THREE WORDS TO F I LI, THE CACHE, THESE 
ARE THEN ASYNCHRONOUS EVENTS AS DISTINGUISHED FROM SYNCHRONOUS 
EVENTS, IN MANY CASES, THE SOFTWARE IS UNABLE TO RECOVER BY 
RETRYING ON ERRORS REPORTED BY INfERRUPTS ON THE APR, IN OTHER 
CASES, SUCH AS CHANNEL ERRORS, THE SOFTWARE IS ABLE TO RECOVER 
BY MERELY RETRYING THE I/O OPERATION, HOWEVERf IN ALL GASES OF 
AN APR INTERRUPT FOR A DATA PARITY ERROR, PHYSICAL CORE MEMORY 
WILL BE SWEPT LOOKING FOR AND RECORDING MORg ERRORS, 

THE NEXT OATA COLUMN OF TABLE 4 IDENTIFIES THE fWO KINDS OF 
TRAPS, IF A t, THE FIRST ENTRY INDICATES THAT THE IIROR 
OCCURRED IN THE HARDWARE PAGE TABLE, IS LABELED PAGE TABLE 
PARITY ERROR, AND HAS TRAP NUMBER 25, THE SECOND ENTRY IS A 
TRAP ON A PARITY ERROR DETECTED BY THE EBOX WHEN DATA IS MOVED 
INTO OR OUT or THE AR OR ARX REGISTERS CCODE 263, THIS ENTRY 
IS LABELED AR«»ARX DATA PAR, IF NEITHER OF THESE ENTRIES IS 
MARKED WITH A I, THEN NO TRAP OCCURS • ONLY AN INTERRUPT* 
INDICATED IN THE PREVIOUS DATA COLUMN, 

THE NEXT DATA COLUMN IN TABLE 4 INDICATES WHICH PART OF THE 
MACHINE IS BROKEN WHEN A NON-RICPVERABLE ERROR OCCURS, THIS 
CAN BEST BE SEEN BY REFERRING TO THE BLOCK DIAGRAM OF THE 
SYSTEM (FIGURE U, THE ENTRIES IN THIS COLUMN ARE PAIRS OR, IN 
SOME CASES, TRIPLETS, THEY INDICATE WHERE THE ERRORS MAY HAVE 
OCCURRED, 

THE MAJOR DATA PATH CAN BE DIVIDED INTO 11 PARTS, OR REGIONS, 
FROM THE POINT OF VIEW OF IDENTIFYING AREAS THAT MAY HAVE 
BROKEN CSEE FIGURE U, THE FIRST REGION IS FROM THE DMA20 OUT 
TO THE MflO AND BACK TO THE OMA20, THE SECOND REGION IS FROM 
THE 0MA20 TO THE KB'Sl THE THIRD IS FROM THE MB'S TO THE 
AR/AHXf THE FOURTH IS FROM THE MB'S TO THE PAGE TABLE OR IN 
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THE PAGE TABliEl THE FIFTH IS FROM THE MB 'S TO THE RH20| THE 
SIXTH IS FROM THE RH20'S OOT TO THE DRIVES? THE SEVENTH IS 
FROM THE RH20»S TO THE MB'Sj THE EIGHTH IS FROM THg AR/ARX TO 
THE MB«S| THE NINTH IS FROM THE MB'S TO THE DMA20; THE TENTH 
IS FROM THE M8«S TO THE MA20'S TO THE MBiSf AND THE gl^EVENTH 
IS FROM THE AR/ARX TO THE CACHE TO THE AR/ARX, THESE ZONKS ARE 
SUMMARIZED IN TABI^l 3, 

TABtE 3 . 



ONE 1 


DATA PATH 


1 


OMA20 TO MGIO OR MFIO TO DMA20 


2 


DMA20 TO Mi»S 


3 


MB'S TO AR/ARX 


4 


MB»S TO PT 


■ = 5 ' 


MB»S TO RH20 


6 


RH20 TO HASSillS DEVICE TO RH20 


7 


RH20 TO MB 'J 


8 


AR/ARX TO Mi»S 


9 


MB»S TO 0MA20 


10 


Mltg TO MA20 TO MB»S 


11 


AR/ARX TO CACHE TO AR/ARX 



THE NEXT COl^UMN iN TABtE 4 INDICATES WHETHER THE SOFTWARE CAN 
RECOVER BY RETRIING OR B¥ ABORTING THE PROCESS THAT WAS IN 
PROGRESS, NOTICE THAT, IN A tARGl NUMBER OF CASES, THE 
SOFTWARE CAN RETRY C¥»¥E§, NlNO), IF THE ERROR DOES NOT 
RE-OCC0R UPON RETRYING, THEM THE SOFTWARE HAS SUCCESSFULtY 
RECOVERED FROM THE HARDWARE FAILURE, THIS KIND OF ERROR IS 
CAliliED A "SOFT* ERROR, SOMETIMES THE SOFTWARE Wlto NOT BE ABI*E 
TO SOCCESSFOUliY RECOVER AFTER A NUMBER OF RETRYS, THIS KIND OF 
ERROR IS TERMED A »HARD« ERROR, NOTICE THEN THAT THE 
DtSTINCtlON BETWEEN SOFT ERROR AND HARD ERROR IN MANY OF THE 
ERRORS tlSTED IS DETERMINED DYNAMIC AliLY BY RETRYING, THOgE 
ERORS THAT ARE WBBliED WITH A NO IK THE RgTRY COWMN 
EFFECflVEM ARE HARD ERRORS UPON THEIR FIRST OCCURRENCE, 

THE NEXT COfcUMN, I,ABE|^ED CACHE SWEEP, IS COVERED IN PARAGRAPH 
3,3,1,, 

THE l,AST TWO COfeUMNS IN TABI.E 4 tABEI^EO CONFIGURATION, ARE 
PROVIDED AS A QUICK REFERENCE TO THOSE ERRORS APPI»ICABl,E TO 
EITHER A 1080 OR 2040 CONFIGURAf ION,. 

TABliE 3 ITSEI^F IS DIVIDED INTO TWO HAIiVIS, THE FIRST iAI,F IS 
REFERRED TO AS "EBOX DATA PARITY ERRORS", fHESE ARE PARITY 
ERRORS DETECTED WHEN THE EBOX IS MAKING A REFERENCE TO MEMORY, 
THE SECOND HAl»F OF THE TABLE IS CONCERNED WITH ERRORS WHICH 
OCCUR WHEW THE CHANNEL IS MAKING REFERENCES TO MEMORY, THESE 
ARE REFERRED TO AS ♦'CHANNEL ERRORS", 
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3.3 DETA1I.E0 OESCRIPTION OF ERROR RECOfERX 

3,3,1 E80X DATA PARITf ERRORS 

OH THE riRST TWitVE ERRORS CMBEtED 01 TO 12 IN liEFT HAND 
MARGIN OF TABI.E 3), TiE SOFTWARE GETS A TRAP, f HE SOFTWARE 
WIliL THEN RETRI TO SEE IF IT CAN REtOVfiR FROM TME ERROR, THE 
SOFfMARE MIW, ALSO REPORT TMg ERROR AND WAIT TO SEE WHETHER OR 
NOT AN APR INTERRUPT WII,fc OCCOR, THIS CAN HAPPEN IF AN SBUS 
ERROR OR A MEMORY DATA CMEM OATA) ERROR OCCURS, THE S0FT«ARE 
Willi, REPORT WHAT BROKE, IT WII.l» SWEEP CORE OURING THE INTERRUPT 
AND IT WiI,J, RETRlf THE INSTRUCTION THREE TIftES, IF A TRAP DOES 
NOT OCCUR, THEN THE ERROR WAS A SOFT ERROR, IF THE ERROR STll^L 
OCCURS AFTER THREE TIMES, IT IS A HARD ERROR AND THE MONITOR 
MUST DECIDE WHETHER THIS IS A SERIOUS SYSTEM ERROR OR MHETHBR 
IT IS A NON-SERIOUS ERROR AND THE SYSTEM CAN CONTINUE TO RUN, 
IF THE HARD ERROR WAS IN A MONITOR WRITEA8I.E PAGE, THEN THE 
OPERATING SySTEM Wll^l, 0ECC1OE TO CRASH THE SYSTEM, If IS TOO 
RISKY TO CONTINUE RUNNING WITH AN ERROR IN A WRITEAfiI,E PAGE 
WHICH C0UI.0 CONTAIN DATA FOR Alili USERS, IF THE HARD EROR IS IN 
ANY READ»ONI»Y PAGE, USER OR MONlTQRi THE MONITOR WIl,i, THEN READ 
THAT PAGE IN AGAIN FROM THE DISK SINCE A GOOD COPY ISAliWAYS 
THERE, IF THE TRAP WHICH OCCURS IS A PAGE TA»I»fi TRAP, THEN THE 
SOFTWARE WII.li JUST Cl*EAR THE HARDWARE PAGE lABlii AND RETRY, ON 
ERROR 6 ON THE APR INTERRUPT, THE SOFTWARE WILI, INfALIDATE THE 
HARDWARE PAGE TAfiliE AND THEN RETRY 3 TIMES, IF THE HARD ERROR 
OCCURRED IN A WRITEAifcE PAGE WHICH WAS PRIVATE OR BELONGED TO A 
SMALL NUMiER OF USERS,S THEN THE MONITOR WILL CRASH OILY THOSE 
USERS WHO WERE USING THAT PAGE, THUS THE SYSTEM CONTINUES TO 
RUN WHENEVER THERE IS NO DANGER OF USING BAD DATA, 

ON ERRORS 13-15, THE SOFTWARE WILL WAIT FOR AN APR SiUS ERROR 
OR MEM DATA, IT WILL REPORT WHAT IS BROKEN, SWEEP CORE, AND 
CRASH THE USER IP THE ERROR IS IN USER MODE, IT WILL NOT RETRY 
ON ERRORS 13*15, THE SOFTWARE ERROR RECOVERY FOR ERRORS 16-18 
IS THE SAME AS THAT FOR ERROS 1-12, 



I, 



ERRORS 19 AMD 20 ARE READ-PAUSl-WRITE OPERATIONS IN WHICH THE 
ERROR OCCURS DURING THE WRITE PART OP THE OPERATION, IN THESE 
TWO CASES* THE SOFTWARE IS UNABLE TO RECOVER AND A HARD ERROR 
OCCURS ON THE FIRST SUCH FAILURE, ERRORS 21 AND 22 ARE 
REAO»PAUSE*WRITB ERRORS OS THE READ PART WITH AN INTERNAL 
MEMORY, IN THESE TWO CASES, THE SOFTWARE IS ABLE TO RECOVER IN 
THE SAME WAY AS ERRORS 1-12, ERROR 23 IS A READ-PAUSE-WRITE 
INSTRUCTION WITH INTERNAL MEMORY AND THE ERROR OCCUR DURING THE 
WRITE PORTION, HERE AGAIN THE SOFTWARE IS UNABLE TO RECOVER 
AND MUST CRASH THE USER OR THE SYSTEM IMMEDIATELY AND NOT 
RETRY, 

ERRORS 24-52 ARE DATA PARITY ERRORS OCCURRING WHEN THE CACHE IS 
TURNED ON AS OPPOSED fO BEING OFF, THE ONLI DIFFERENCE BiTWElN 
THE SOFTWARE RECOVERY WHEN THE CACHE IS ON AND WHEN THE CACHE 
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IS OFF IS THAT, IN ADOITION TO TSE OTHER ERROR RECOVERY 
PftOCEPURES, THE SOFTWARE MUST SWEEP THE PAGI OUT OF THl CACHE 
IN WHICH THE ERROR OCCURRED, THIS IS BECAOSE THE MgOX fcOOKS IN 
CACHE BEFORE GOlUG TO CORE ANO WOUL0 REFERENCE THE iAD DATA 
FROM THE CACHE FIRST, IN ADDITION IF THE WORD HAS ITS WRITTEN 
BIT ON, AN ERROR FOR THAT PAGE WOUliD OCCUR DURING THE SWEEP AND 
THAT WSfRilUl, HAVE TO SE CRASHED, 

AS WHEN THECACHE IS OFF, IF A TRAP OCCURS, THEN THE SOFTWARE IS 
ABI.E TO RETRY TO SEE WHEfHER OR NOT IT CAN RECOVER, IF OIH.Y AN 
APR IJiTlRRUPT OCCURS, THEN IT IS A FATAli ERROR, ON SO»E 
ERRORS, BOTH AN APR INTERRUPT AND A TRAP OCCUR IN WHICH CASE 
THE TRAP ROUTINE RETRIES AND THE APR INTERRUPT REPORTS THE 
ERROR, AS USUAI,, ERRORS 24«39 ARE ERRORS WHEN THE CACHE IS ON 
AND A READ OPERATION IS OCCURRING IN EXTERNAl* OR INfERNAI. 
nmQm, there is one difference in the error RECOVERf 

PROCEDURE WHEN THE CACHE IS ON AND WHEN THE CACHE IS OFF, 
CAUSED i? THE FACT THAT PaRITI ERRORS CA» OCCUR ON AH¥ OF t«E 
OTHER TMREE WORDS THAT THE CACHE RIADS FROM MEMORY WHEN THE 
E60X REFERENCES A SINGI.E WORD, IH THESE CASES, THE HARDWARE 
DOES NOT CAUSE A TRAP SINCE THE EBOX HAS NOT fRIEO TO USE THAT 
DATA, INSTEAD, AN APR INTERRUPT IS CAUSED WITH ENOUGH 
INFORMATION IN THE ERA REGISTER TO ACCURATE^ REPORT THE 
PROBI.EM EVEN THOUGH NO USER PROCESS OR THE SYSTEM NEEDS TO 0E 
CRASHED AT THIS TIME, IF, AT A IiATER TI«E, THE ESOX USES ONE 
Of THESE BAD WORDS, THEN A TRAP mUh OCCUR AND THE NORMA!* RETRY 
PROCEDURE CAN BE USED, 

THIS NEW KIND OF ERROR IN THE OTHER THREE WORDS OCCURS FOR 
ERRORS 26, 2», 31, 33, 36, AMD 39, THESE ERRORS ARE INDICATED 
WITH AN R IN THE RETRY COLUMN RATHER THAN A YES OR NO, SINCE NO 
USER PROCESS NOR THE SYSTEM IS EVER CRASHED AT THE INSTANT THAT 
AN EROR OCCURS IN ONE OF THE OTHER THREE WORDS READ FROM MBMORt 
Bt THE CACHE, AGAIN, AS WHEN THE CACHE IS OFF, AN APR 
INTERRUPT AliWAYS CAUSES THE SOFTWARE TO SWEEP AI,Ii OF CORE A«D 
REPORT hhh PARITY ERRORS THAT MIGHT OCCUR DURING THE SWEEP, 
ANOTHER COMPLEXITY WITH THE CACHE BEING ON IS A NEW KINO OF 
OPERATION • THAT OF THE SWEiPER, OR CCA WRITE, IN THE CASE OF 
AN ERROR ON A CCA WRITE SWEEP, NO RECOVER! IS POSSIBLE AND THE 
SOFTWARE MUST ATTEMPT TO CRASH THE USER COR THE SYSTEM) WHO 
t*AST MADE USE Of THAT PAGE, THIS CAN IE DONE 8¥ CONSUUTIia THE 
HARDWARE CORE STATUS TABW CCST) TO SEE WHICH PROCESS MODiriED 
f«E PiYSICAli PAGE IN WHICH THE SWEEP WRITE ERROR OCCURRED, 
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3,3,2 CHANHEl. ERRORS 

ERRORS 53 • 80 IN fABt,E 3 ARE ERORS IN WHICH THE OPERATION IS 
THE CAHMMEI, ACCESSING THE MEMORY INSTEAD OF THE ESOX, ERRORS 
53 • 68 ARE WITH TIE CACHE OFF, AND ERORS 69 • fO ARE WITH THE 
CACHE ON, OMCHAWEIj ERRORS, THE SOFTWARE IS MOTIFISD III 0MB 
OF TWO WAYS AND SOMETIMES BOTH WAYS, THE FIRST WAf IS WITH A 
INTERRUPT FROM THE RH20 CONTROI^LER DURING OR AFTER THE TRANSFER 
HAS OCCORREO, WITH AN ERROR FWG SAfING THAT A PARITY ERROR HAS 
OCCUREREO, THE SECOND WAY IS BY AN APR iHTERRUPf IN WHICH THE 
CHANNEL SIGMAI.S THE EtOX THAT A MEM DATA OR SlUS ERROR HAS 
OCCURRED, THE SOFTWARE INTIRRUPT ROUTINE WlJ*l, RETRY EVERY 
OPERATION WHEN THE RH20 IMTERRUPf INDICATES A PARITY ERROR 
OCCURS, THE APR INTERRUPT CODE WIi*l, SWEEP CORE AND REPORT khh 
PARITY ERRORS THAT HAVE OCCURREO DURING THE SWEEP, IT WII<li 
AtSO REPORT THE CONTENTS OF THE ERA REGISTER AND OTHER ERROR 
INFORMATION GIVEN BY THE APPROPRIATE CONI, 

OCCASION AI.l.Y# IT IS POSSIiiiE FOR THE RH20 TO THINK THAT A 
TRANSFER TO MEMORY HAS COMPI^ETED SUCCESSFULLY BECAUSE IT 
TRANSFERRED EVERYTHING CORRECTLY TO THE CHANNEL, THE CHANNEL, 
HOWEVER I IN STORING THE LAST FEW WORDS OF A fRANSFER, 
ENCOUNTERED AN ERROR ON THE WRITE TO MEMORY SUCH AS AN SSUS 
ERROR, IN THESE RARE CASES, THE CONTROLLER INTERRUPT ROUTINE 
WILL THINK THAT TRANSFER OPERATION WAS SUCCESSFUL WHEN IN FACT 
THE TRANSFER HAD AN ERROR, THEREFORE, THERE MUST IE SOME 
COMMUNICATION BETWEEN THE APR INTERRUPT ROUTINE AMD THE RH20 
CONTROLLER ROUTINE TO MAKE SURE THAT THIS KIND OF ERROR DOES 
NOT GO ON UNDETECTEO WITHOUT AN APPROPRIATE RETRY BY THE RH20 
SERVICE ROUTINE, ERROR St IS AN EXAMPLE OF A CASE WHERE THE 
RH20 SERVICE ROUTINE DOES MOT GET AN INTERRUPT SAYING THERE WAS 
AN ERROR, AND ONLY THE APR INTERRUPT OCCURS, I*l THIS CASE, THE 
APR INTERRUPT ROUTINE IS NOT SURE WHETHER THE ERROR OCCURRED IN 
THE CHANNEL OR IN THE PROCESSOR, ERROR S8, SY THE WAY, IS A 
CHANNEL DATA WRITE INTO ERROR EXTERNAL MEMORY, THEREFORE, THE 
SOFTWARE IN THE APR INTERRUPT ERROR ROUTINE MUST LOOK AT THE 
CST IF THE REFERENCED OR MODIFIED BIT IS NOT ON FOR THAT PAGE, 
THEN THE SOFTWARE CONCLUDES THAT If MUST BE THE CHANNEL AND IT 
SHOULD GO AND CHECK THE CHANNEL AMD HAVE THE RH20 SERVICE 
ROUTINE RETRY THE OPERATION, ON ERRORS 59 AND 61, THE RH20 IS 
NOT AWARE OF THE ERROR AND ONLY AN APR INTERRUPT OCCURS, IN 
THIS CASE, THE APR INTERRUPT ROUTINE IS TOLD THAT IT IS THE 
CHANNEL, IT MUST DETERMINE WHICH CHANNEL HAD THE ERROR, AND 
RETRY THAT PARIICULAR OPERATION, ERRORS 60 AND 62 LOOK LIKE 
ERRORS 59 AND 61? HOWEVER, THE RH20 GETS AN INTERRUPT TOO AND 
SO THE RH20 SERVICE ROUTINE MAY RETRY THE OPERATION AS PART OF 
ITS NORMAL ERROR RECOVERY, IN ERRORS 63 • 65 THE PARITY ERROR 
OCCURS WHEN THE CHANNEL READS THE COMMAND WORD INSTEAD OF THE 
DATA, HERE THE SOFTWARE MUST RETRY TIE OPERATION AFTER 
BUILDING A NEW COMMAND LIST, ERRORS 66 • 68 HAVE APR 
INTERRUPTS ONLY AND NOT RH20 INTERRUPTS, WHERE TIE ADDRESS IS 
IN THE EPT CHASIIEL LOGOUT AREA AMD THE ERROR OCCURRED WHEN THE 
CHAMNEL ATTEMPTED TO WRITE THE LOGOUT INFORMATION, HERE THE 
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SOrXWARE MOST RETRY THE OPERATIOM AGAIN. ON ERRORS 71, 74, 77, 
AND 80, THE RH20 SERVICE ROUTIME HAS AN EROR IM0ICATIOSf ANO, IN 
THESE CASES, SI«Ce THE CACHE IS OM, THE CACHE M0ST SE 
INVAIiIOATED BEFORE THE SOrTtARE RETRYS THE OPERATION, 
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3,3,3 ADDRESS PARITY ERRORS 

ADDRESS PARITY ERRORS ARE A NEW KIND OF ERROR DETECTED ON THE 
KHOy THEY WERE NOT OETBCTED ON THE KllO, THEY CAN OCCUR BOTH 
ON READS AND WRITES TO MEMORY, ADDRESS PARITY ERROR IS 
DETECTED BY THE MA20 OR THE DMA20, ON AREAOf WRITE, OR 
REAO-PADSE- WRITE, WHEN THEY 1.00K AT THE ADDRESS THAT THE W»OX 
IS REQUESTING TO BE READ OR WRITTEN, ADDRESS PARITY IS REAXiW 
A SI*I0HT MISNOMER IN THAT ADDRESS PARITY IS COMPOfEO OVER THE 
22-ADDRESS ilTS, 4-WORO REQUESTS, READ REQUEST, AND WRITE 
REQUEST, ADRESS PARITY IS. A WAY OF CHECKING THE BOS AND THE 
DRIVERS WHICH EXIST BETWEEN THE M»OX AND THE MA20 OR THE DMA20. 

3,3^3.1 MA20 RESPONSE •ON A READ FROM MEMORY IN WHICH THE MA20 
DETECTS AN ADORESS PARITY ERROR ON THE ADDRESS tINES COMING 
FROM THE MBOX, THE MA20 WitL RETURN FOUR WORDS OF ZEROES WITH 
BAD PARITY 10 THE MBOX, THIS SAD PARITY SHOUliD CONTtNUE TO 
PERMEATE THROUGH THE SYSTEM, lElNG DifECTEO AT EACH ^EVII. BY 
THE PARITY NETWORK, THIS APPROACH DEMONSTRATES THE PRINCIPliE 
OF NEVER REGENERATING PARITY BUT AI*WAYS CHECKING PARITY AND 
PASSING IT AWNG IF IT IS BAD TO THE NEXT LEVEL WHICH WII.I, AI.SO 
CHECK IT AND USUAI.I,Y FIND IT SAD ALSO, ON A WRITE FROM THE 
MBOX TO THE MA20, THE MA20 WILL THROW THE DATA AWAY, THE MA20 
WILL NOT WRITE THE DATA INTO MEMORY BECAUag JT IS NOT CLEAR 
WHICH ADDRESS SHOULD BE WRITTEN INTO, SINCE THERE IS A PARITY 
ERROR IN THE ADDRESS, 

3i3,3,2DMA20 RESPONSE - ON BOTH READS AND WRITES, IF AN 
ADDRESS PARITY ERROR OCCURS, THE DMA20 WILL NOT RESPOND TO THE 
MiOX, INSTEAD, THE MBOX WILL TIME OUT AMD GIVE A NORMftL 
NON»EXISTENT MEMORY INTERRUPT TO THE CPU ON THE APR, THE OMA20 
WILL NOT ATTEMPT TO READ OR WRITE MEMORY* AS WITH THE MA20. IN 
ADDITION, THE DMA20 ALWAYS CHECKS ALL ADDRESSES ON THE MEMORY 
BUS, WHETHER THE ADDRESSES ARE INTENDED FOR THE MA20 OR THE 
DMA20, THEREFORE, THE OMA20 MAY SEND BACK AN ADDRESS PARITY 
ERROR CONDITION TO THE CPU VIA SBUS ADDRESS PARITY EtROR EVEN 
IF THE ADDRESS IS FOR THE MA20, 

3,3,3,3 ADDRESS PARITY ERROR RECOVERY AND REPORTING • RECOVERY 
IS DEPINDENT ON THE OPERATION IN PROGRESS AT THE TIME OF 
FAILURE, THE OPERATION CAN BE DETERMINED BY EXAMINING BITS 2, 
3, AND 6 OF THE ERA, THESE ARE CCA, CHAN, AND WRITE, 

ALL READ (FROM MEMORY) OPERATIONS MAY BE RETRIED 3 TIMES SINCE 
THE DMA NEVER STARTED THE EXTERNAL MEMORY CYCLE AND THE MA20 
SENT 4 WORDS OF WITH BAD PARITY BUT DID NOT UESTRQY THE CORE 
CONTENTS, THOSE READ OPERATIONS INVOLVING THE CHANNEL (ERA BIT 
3sl) MAY BE RETRIED BY RE-ISSUING THE COMMAND TO THE RH20, 

IF, AFTER ATTEMPTING 3 RETRIES, THE FAILURE PERSISTS, THE 
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MONIfPR SHOUl.0 DEIERMINE fHE OWNER Of THE AFFECfE0 PAGE OR CORE 
AREA AND CRASH fHAf OWNER, EITHER A USER OR THE MOSIfOR IfSEif, 
If THE OWMER IS OSliY A USER, THE MONITOR SHOULD Al,SO CONSlOlR 
RECOWriGURATIOH OF THE OErECTlVE HARDWARE, 

IF THE OPERATION IH PROGRESS WAS A MEMORY WRITE CICl.Ef RECOFERl 
IS I.IMITED, Ofjtlf THOSE OPERATIOHS iNVOIiVING THE CHANNgl, MAI »E 
RETRIEO Sir RE»ISSUIfiG THE COMMANDS TO THE RHZO, 

I» AliL OTHER CASES* THE OMI»^ RiCOVERY POSSISliE IS TO DETERMINE, 
ey EXAMINING THE ERA, THE OWNER OF THE PAGE OR CORE AREA IN 
WHICH THE BAD ADDRESS IS LOCATED, IF THE OWNER IS A USER ONW 
THAT USER MUST BE CRASHED, IF THE OWNER WAS THE MONITOR THEN 
THE SYSTEM MUST BE CRASHED, THERE IS NO POSSIBILITY OF 
RESTORING READ-ONLY PAGES FOR THE USER OR MONITOR IN THIS CASE 
SINCE IF THE AFFBCfED PAGES WERE READ*ONLY, THE FAILURE ON A 
MEMORY WRITE CYCLE IS ALSO INDICATING A "WRITE PROTECTION" 
FAILURE^, 

FOR THE ERROR REPORTING SYSTEM THE MOMITOR SHOULD COLLECT AND 
PRESERVE THE FOLLOWING INFORMATIONS 

I, SBUS OIAGNOSTIC CYCLE INFORMATION FOR ALL MEMORY 
CONTROLLERS, (MA20»S AND DMA20), 

' 2 , ' EH A 

3, CONI APR INFORMATION 

4, RECOVERY PROCEDURE ATTEMPTED, RESULTS, AND RETRY COUNT, 

5, WHERE THE FAILURE WAS DETECTED AND WHAT BROKE, 
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3,3^4 NOH^EXISTEIIT MEMORY CNXM) 

AI,l« OF THE ERA REGISTER IS VAl^ID WHEN A NON-EXISTENT «EMOR¥ 
ERROR OCCURS AND AN APR INTERROPT IS CAOSED. THIS ERROR |S 
DETECTED SY THE MiOX BECAUSE THERE IS NO RESPONSE FROM THE MA20 
OR THE DMA20 AFTER A PERIOD OF 64 MICRO-SECONDS. fHE SOFTWARE 
CAN THEM DETERMINE EXACTLY WHICH WORD RECEIVED THE NON-EXISTENT 
MEMORY AND WHAT WAS THE SOURCE OF THE REQUEST, IF ADDRESS 
PARITY ERROR IS hhSQ SET, THE ERROR IS AN ADDRESS PARITY ERROR 
• MOT A NOII-iXISTENT MEMORY ERROR? THAT IS, THE OMA20 Wll^t, NOT 
RESPOND TO AN ADDRESS IF THERE IS A PARITY ERROR IN THE 
ADDRESS, THIS Mlhlt CAUSE THE MBOX TO CONCLUDE THAT THERE IS A 
NON*EXISTENT MEMORY BECAUSE OF THE MCK OF A RESPONSE, THUS 
THE SOFTWARE SHOUIiO 8E AWARE OF WHAT THE RE At FALURB IS WHEN 
BOTH NON-EXISTENT MEMORY AND ADDRESS PARITY ERRORS ARE 
INDICATED IN THE APR ERROR STATUS WORD, IP THE MIOX IS READING 
FROM MEMORY WHlN THE NON-EXISTENT MEMORY OCCURS, THE MBOX WII.S. 
SUPPLY FOUR WORDS OF ZEROES TO THE EiOX WITH BAD PARITY, SO 
THAT THE EiOX WtW, GET A DATA PARITY TRAP WHEN If USES THE 
DATA, THE SOFTWARE SHOULD CHECK TO SEE WHETHER OR NOT THE 
ADDRESS BEING REFERENCED IS IN BOUNDS, I,E,, IS IN A MEMORY IN 
WHICH THE SOFTWARE EXPECTS If TO EXIST AND, IF IT DOES, THEN 
THE SOFTWARE SHOULD RETRY USING THE NORMAL RETRf MECHANISM AS 
IF A DATA PARITY ERROR OCCURRED, THIS RETRY PROCEDURE IS 
PROGRAMMED IN THE PARITY TRAP ROUTINE AND WILL HAPPEN NATURALLY 
SINCE THE EBOX WILL HAVE DETECTED A PARITY ERROR ON THIS 
NON-EXISTENT MEMORY CONDITION, NOTE THAT AN APR INTERRUPT WILL 
OCCUR AS WELL, WITH ERA LATCHED TO THE ERROR WORD, SO THAT THE 
SOFTWARE CAN fcOG THE ERROR IN THE APR INTERRUPT ROUTINE, 

ON WRITES TO MEMORY, AND A NON-EXISTENT MEMORY, THE DATA IN THE 
MB»S IS LOST, HOWEVER, EflRYTHiNG IN THE ERA REGISTER IS 
VALID 



* 



THERE IS ANOTHER FORM OF NON-EXISTENT MEMORY ERROR WHICH CAN 
OCCUR IN THE DMA20, THIS ERROR OCCURS IF THE FIRST WORD 
REQUESTED BY THE MBOX IS ACKNOWLEDGED! HOWEVER, IF ONE OF THE 
SUBSEQUENT THREE WORDS DOES NOT SEND BACK AN ACKNOWLEDGE WlfHlN 
28 USEC A NON-EXISTENT MEMORY CONDITION IS INDICATED TO THE 
SOFTWARE VIA AN SBUS ERROR INTERRUPT ON THE APR INSTEAD OF VIA 
AN NXM ERROR INTERRUPT ON THE APR. THE DMA20 REMEMBERS THE 
ADDRESS OF THE SPECIFIC WORD WHICH RECEIVED A NON-EXiSTENT 
MEMORY CONDITION, THE SOFTWARE MAY THEN REAO THIS AODRiSS FROM 
THE DMA20 USING THE SBUS DI AG FUNCTION, IN THIS CASE THE ERA 
IS NOT VALID, 

IN ALL CASES OF AN NXM OCCURRING ON A MEMORY WRITE CYCLE fOR 
THE EBOX, THE ONLY RECOVERY PROCEDURE IS TO CRASH THE AFFECTED 
USER, IF THE OPERATION INVOLVED A CHANNEL, THEN THE SOFTWARE 
MAY RETRY THE I/O OPERATION, 

THE INDICATIONS AVAILABLE TO THE SOFTWARE FOR BOTH ADDRESS 
PARITY AND NXM ERORS ARE SUMMARIZED IN TABLE $, THE ERROR 
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NUMBERS ARE SEOOENTIAI, fO PROVIDE EASY REFERENCE FOR ALL ERRORS 
IN THIS CHAPTER, 
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3,3,5 CRAM AND DRAM PARITY ERRORS 

ODD PARITY IS GENERATED AND afORED FOR EACH WORD BY T«E 
MICRO*CODE ASSEMBl^Y PROaRAM AND LOADED INTO THESE RA«S EA^H 
TIME THEY ARE fcOADED. THIS O0D PARITY IS C«ECKED EACH TIME A 
tflORD IN EITHER RAM IS REFERENCED, IF AN fRROR OCCHiS AND THE 
HAl,f ON ERROR DIAaNOSTIC FUNCflON IS ENABLED (USUAI.), THE ESOX 
CLOCK IS HALTED, THE FDP'U MUST DETECT THIS AND SAVE THE 
ENTIRE INTERNAL HARDMARE STATE OF THE MACHINE USIN(3 DIAGNOSTIC 
FUNCTIONS FOR LATER INCLUSION IN THE SYSTEM ERROR FILE AND 
PRESENT A CONDENSED FOR« OF THIS REPORT ON THE OPERATOR'S 
CONSOLE, 

IF EITHER OF THESE EVENTS OCCUR, THE ERROR RECORDING OVERLAY IN 
THE FRONT END PROCESSOR VALIDATES THE ASSOCIATED RAM, IT 
SHOULD GET A COPY OF THE •GOOD" CONTENTS (FROM A DISK FILE) AND 
DO A WORD FOR WORD COMPARE WITH THE CONTENTS OF THE RAM, 

3.3.5.1 SOFT RAM PARITY ERROR 

IF NO FAILURES ARE DETECTED, THE KLlO AMD ITS MONITOR ARE IN A 
CONTINUABLE STATE AND THE ERROR RECORDING OVERLAY SHOULD INFORM 
THE OPERATOR OF THE ORIGINAL FAILURE INCLUDING THE ERROR, SAD 
DATA AND ADDRESS, AND THE FACT THAT A CONTINUE IS ftEING 
ATTEMPTED, IT SHOULD THEN COPY OUT TO THE RP,04 THE FAILURE 
IRFORMATION, TURN OFF THE *10 PI SYSTEM, AND ASK THE KERNAL TO 
RESTART THE "10 AT THE«MARM RESTART" LOCATION, 

THIS -10 RESTART ROUTINE WILL RESTART I/O AND DETERMINE WHICH 
USER (OR THE MONITOR? «AS RUNNING AT THE TIME OF THE ERROR AND 
CRASH THAT USER, 

3.3.5.2 HARD RAM PARITY ERROR 

IF THE VERIFICATION OF THE RAM SHOWS ANY ERRORS, THEN EACH BAD 
DATA WORD AND ADDRESS SHOULD iE PRESENTED TO THE OPERATOR ALONG 
»ITH THE "GOOD DATA* FROM THE DISK FILE, THIS INFORMATION 
SHOULD ALSO 0E INCLUDED IN THE RP04 Flt^E ALONG «ITH THE ENTIRE 
INTERNAL HARDWARE STATE OF MACHINE, THEN THE FRONT END MUST 
RELOAD AND VERIFY ALL RAMS, IF VERIFICATION ERRORS STILL 
OCCUR, INFORM OPERATOR TO CALt FIELO SERVICE, IF VERIFICATION 
SUCCEEDS, TURN OFF -10 PI AND RESTART -10 MONITOR AT THE "WARM 
RESTART" LOCATION, THE MONITOR WILL ATTEMPT THE SAME RECOVERY 
AS ABOVE, 

THE AFFECTS OF THIS ERROR RECOVERY MAY BE SUMMARIZED WITH THE 
FOLLOWING TABLE, AGAIN, THE ERROR # iS ARE SEOUBNTIAL FOR EASY 
REFERENCE, 

ERROR # FAILURE TYPE ACTION IMED, RELOAD CRAM DRAM 

VERIFY VERIFY RESULT RESULT 
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SOFT«"N0NREl*OA0 
RAM 


PASS 


90 


SOrT»REl,OAD 
RAM 


FAIt 


91 


KARD 


FAII, 



CRASH CONT, 

USER WSER 

PASS CRASH CONT, 

USER USER 

PAII, CAliL CAhU 

FZUtO flEW 

SERVICE SERVICE 
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3,3,i CACHE DIRECTORY PARIfY ERROR 

IN THIS CASE f HE ERROR IS FIRST DEfECTEO BY THE -iO MOMITOR 
WHOSE RECOVERY PROCEDURE IS TO HALT I»EAVING INDICATION OF WHY 
AVAIMBLE to THE -ll KERNAI,, THE KERNAL, HAVING SEEN THE «ALT 
BECAUSE OF THIS ERROR, WIfcl, STOP THE BBOX CI*OC#: AND CAi*I» THE 
ERROR RECOROIKG OVERIi AY. 

AFTER THE OVERLAY HAS DETERMINED THAT THIS IS THE FAIl,URE IT 
SHOUI.D USB OIAGMOSTIC FUNCTIONS TO SCAN Afcl. OF THE CACHE 
BOOKING FOR MORE ERRORS, IF ERRORS ARE FOUND, THE CACHE 
INFORMATION INCLUDING CACHE i AND ADDRESS SHOULD BE PRESERV60, 

AT THE IMO or THE SWEEP, IF ERRORS WERE DETECTED, THE OVERLAY 
SHOULD ASK THE OPERATOR ABOUT RECONFIGURIHG THE CACHE WITH THE 
SUGGESTION THAT THE BAD CACHE »E TPRNED OFF, IF NO RESPONSE IS 
GIVEN (UNATTENDED OPERATION) THE OVERLAY SHOULD TURN OFF ALL OF 
CACHE AND INFORM THE OPERATOR, 

IF MORE THAN I CACHE DETECTED A FAILURE DURING THE SWEEP, ALL 
OF THE CACHE SHOULD 8E TURNED OFF DURING THE OPERATOR DIALOGUE 
SINCE THIS FAILURE IS MORE INDICATIVE OF A CONTROL PRO0LEM 
VERSUS A CACHE RAM PROBLEM, 

IF NO ERRORS WERE DITiCTED SY THE SWEEP, THE OVERLAY SHOULD ASK 
THE OPERATOR WHETHER TO TURN OFF ALL OF CACHE OR NOT ilTH A 
SUGGESTION TO LEAVE CACHE ON IF THIS 15 THE FIRST FAILURE, 
A^AIN, IF NO RESPONSE IS RECEIVED, ALL OF THE CACHE SHOULD BE 
TURNED OFF, SUT ALWAYS THE OVERLAY WILL ^RITi OUT TKS 
INFORMATION ON THE RP04 AND TELL THE OPERATOR OF THE FAILURE 
AND ACTION TAKEN, 

WITH ALL FAILURES THE OVERLAY WILL INITIATE A FULL RELOAD OF 
THE SYSTEM AFTER RICOROING THE INFORMATION AND RECONFIGURING 
THE CACHE, 

THE DEFAULT ACTION DURING UNATTENDED OPERATION CLEAVE THE CACHE 
ON OR OFF) SHOULD BE A SITE PARAMETER BUT THE SAFEST METHOD IS 
to TURN THE CACHE OFF, 
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3,3.7 FhS's mmm parity error 

EACH WOR0 STORED IN FAST MEMORY HAS ODD PARITY GENERATED AS IT 
LEAVES THE AR, PARITY IS CHECKED IF THE FASf MEMORY WORD IS 
8EING READ OUT THROUGH THE ADi MIXER, IF AM ERROR IS OETEeTED* 
THE EBOX CLOCK IS HALTED IF THE HALT rWCTlOll IS ENABLED SY THE 
CONSOLE PROCESSOR (USUAL). 

AS WITH CRAM AND DRAM PARITY ERRORS, THE PDP-11 MUST DETECT THE 
ERROR AND THE ERROR RECORDING OVERLAY WILL RECORD THE HARDWARE 
MACHINE STATE, AFTER THE MACHINE STATE HAS BEEN SAVED, THE 
ERROR RECORDING OVERLAY SHOULD ALSO SCAN ALL OF FAST MEMORY 
LOOKING FOR MORE ERRORS AND PROVIDE LOGICAL »AND5» AND "ORS" OF 
THE BAD DATA AND ADDRESS WORDS IF ANY ERRORS OCCUR, 

3.3.7.1 SOFT FAST MEMORY PARITY ERROR • IF NO ERRORS ARE 
DETECTED OR ALL THE IRRORS ARE IN THE SAME BLOCK OF FAST 
MEMORY, THE ERROR RECORDING OVERLAY SHOULD INFORM THE OPERATOR 
OF ALL FAILURE INFORMATION, «RlTE OUT THE RP04 FILE, TURN OFF 
THE -to PI SYSTEM, AND ASK THE KlRNAl, TO RESTART THE -lO AT THfe 
•IIARM RESTART« LOCATION, THE -lO MONITOR WILL THEN CRASH ONLY 
THE AFFECTED USER, 

3.3.7.2 HARD FAST MEMORY PARITY ERROR - IF ERRORS ARE FOUND IN 
MORE THAN 1 BLOCK OF FAST MEMORY ADDRESSES, THE ERROR RECORDING 
OVERLAY WILL WRITE OUT THE RP04 FILE, AND INFORM THE OPERATOR 
ALL FAILURE DATA WITH THE ADDITl ON A|, REQUEST TO CAI.L FIELD 
wERVICE, 
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3,3.8 EBUS PARITY ERROR 

THE AR PARITY fREE GENERATES 000 PARITY FOR ALt* OATAO AND COKO 
WORDS DgSflNED TO SE OUTPUT ON THE EBUS, ALL DEVICES MAY C«ECK 
THIS PARITY, CURRENTLY THE DTE20 CHECKS PARITY ON DATAO 
OPERATIONS, BUT NOT ON CONO, ALL DEVICES MAY GENERATE ODD 
PARITY FOR ALL WORDS THAT THEY TRANSMIT TO THE EBOX OVER THE 
EBUS IF THEY DESIRE AND GENERATE THE APPROPRIATE EBUS SIGNAL 
INDICATING PARITY HASBESN GENERATED, 

ALL WORDS ENTERING THE AR/ARX FROM THE EBBS ARE CHECKED FOR 
CORRECT PARITY IF PARITY HAS BEEN GENERATED BY THE fRANSMITTiNG 
DEVICE, IF AN ERROR IS DETECTED, AN I/O PAGE FAIL INTERRUPT 
OCCURS AND THE MONITOR HAS THE ABILITY TO DETERMINE THAT THE 
BAD OATft WAS RECEIVED FROM THE EBUS, THE INFORMATION COLLBCTiD 
FOR ERROR REPORTING SHOULD BE THE SAME AS FOR OTHER OCCURANCES 
OF THE SAME APR INTERRUPT, NOTE THAT AN -H DlPOSlT TO •10 
MEMORY CAN CAUSE A PARITY INTERRUPT WHICH HAS NOTHING TO DO 
WITH THE -lO INSTRUCTION BEING EXECUTED, THIS INTERRUPT SHOULD 
BE TREATED LIKE AN INTERRUPT BY THE •10 MONITOR, THE CURRENT 
USER SHOULD BE CONTINUED, AS WITH ALL PARITY TRAPS, THE •10 
MONITOR WILL TELL THE -ii THAT THE OEPOSIf FAILED AND THE -iO 
WILL LOG THE FAILURE IN THE LOG FILE, 

THE RECOVERY PROCEDURE SHOULD RETRY THE I/O OPERATION 3 TIMES 
AND IF THE FAILURE PERSISTS CRASH THE SYSTEM SINCE A VERY BASIC 
PART OF THE SYSTEM HAS FAILED, 
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4, GENERALIZED FLOW CHARfS FOR ERROR RECOVER! 

IMFORMAf ION IS PRESENtED HERE fO DESCRIBE THE ACTIONS OF THE 
VARIOUS ERROR RECOVERy ROWTlNES, THE FLOW CHAEfS START AT THE 
POINT AFTER THE ERROR HAS SEEN OEfERMINED, FOR EXAMPLE, AN APR 
INTERRUPT MAI OCCUR FOR «AN¥ REASONS BUT THE FLOW FOR A HlMORr 
DATA PARIT? ERROR STARTS WHEN IT IS KNOWN THAT THIS IS THE 
REASON FOR THIS INTERRUPT, 

IN SOME CASES RECOVER! IS NOT POSSIBLE BY THE •lO MONITOR, SUCH 
AS CACHE DIRECTORY PARITY ERRORS, THESE ARE NOT COVERED HERE, 
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4.1 PAGE FAIli TRAP rOR AR/ARX PARIfX ERROR, CCO0E 26) 

AFf BR DETERMIfllWG THAT THIS PAGE FAII. TRAP HAS OCCURfi0 BECAUSE 
OF AN AR/ARX PARITY ERROR, THE TRAP ROUTINE SHQUI,D CHECK TOSEE 
IF AN APR INTERRUPT IS IN PROGRESS (SOFTWARE FLAG '♦A") AND IF 
SO, SAVE THE iAD DATA WORO FROM AC BliOCK 7 «0R£>, SET THE ERROR 
OETECTED FLAG CSOFT»ARE FLAG "D*), AND RETURN TO THE INTERRUPT, 

IF FLAG '•A" IS NOT SET, THE ROUTINE CHSCKS TO SEE IF THE 
PHYSICAL AODRiSS IS THE SAME AS THE LAST 0AD PHfSlCAL AODRESS 
SEEN FOR THIS PROCESS, IF THE ADDRESS IS NOT THE SAME, THE 
ROUTINE WILL SAVE INFORMATION FOR ERROR RECORDING, INITIALIZE 
THE RETRlf COUNT, AND PERFORM THE FIRST RETRf BY ADDRESSING THE 
BAD PHYSICAL WORD, IF THE REFERENCED WORD IS STILL BAD ANOTHER 
TRAP WILL 0CC4IR AND ACTION FOR THIS IS DESCRIBED If PARAGRAPH 
4,.t.l.. 

IF THIS REFERENCE IS SUCCiSSFUL (NO RECURSIVE TRAP) WE MAY 
ASSUME THE USER WILL RECOVER SO THE ERROR LOGGER IS CALLED FOR 
A SOFT IRROR, THIS FIRST RETRY IS DONE BY THE TRAP ROUTINE SO 
THAT IF THE REFERENCE IS SUCCESSFUL THE TRAP ROUTINE IS STILL 
ACTIVE AND CAN CALL THE LOGGER, 

4,1,4 IF THE PHYSICAL ADDRESS IS THE SAME AS THE LAST "IAD* 
PHYSICAL ADDRESS SEEN FOR THIS PROCESS, THE ROUTINE WILL 
DECREMENT THE RETRY COUNT AND IF THE COUNT IS GREATER THAN 0, 
DISMISS BACK TO THE USER VIA THE SAVED PC FOR ANOTHER RETRY, 
IF THE RETRY COUNT IS NOT GREATER THAN (I.E., » 0, 3 RETRIES 
PERFORMED) THE TRAP ROUTINE WILL CALL THE ERROR LOGGER TO 
RECORD A HARD ERROR AND THEN CRASH THE AFFECTED PROCESS (EITHER 
THE USER OR SYSTEM), 

UNDER CERTAIN CONDITIONS, 2 ENTRIES FOR THE ERROR RECORDING 
SYSTEM MAY OCCUR FOR THE SAME ERROR, THIS CAN HAPPEN IF THE 
FIRST RETRY (MADE BY THE TRAP ROUTINE) IS SUCCESSFUL AND THE 
ROUTINE CALLS THE LOGGER FOR A SOFT ERROR? BUT ALL 3 OF THE 
RETRIES PERFORMED BY THE USER ARE UNSUCCESSFUL AND THE TRAP 
ROUTINE AGAIN CALLS THE ERROR LOGGER TO RECORD THE HARD ERROR, 
THIS IS EXPECTED TO BE A RARE CASE BUT SHOULD BE WELL 
DOCUHBNTEO IN THE ERROR REPORTING DOCUMENTATION, 
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4,2 APR INTERRUPT FOR MEMORY DATA PARITY ERROR 

AFTER DiTERMIMIIiG THAT THIS INTERRUPT »AS CAUSED BY A MEMORY 
DATA PARITY ERROR CrOR EITHER A READ OR WRITE CYCliE) THE 
INTERRUPT ROUTINE Wl^I, CHECK TO SEE IF A CORE SI«EEP IS ALREADY 
IN PROGRESS, IF NOT IT HW. SET THE "SWEEPING" FIiAG, SAVE THE 
ERROR INFORMATION REQUIRED, SIT THE SWEEP Fhk(i «A» FOR THE 
AR/ARX TRAP ROUTINE, INITIALIZE THE SWEEP ADDRESS AND CLEAR THE 
APR FLAGS, THE ROUTINE iILL THEN ADJUST THE INTERRUPTED PC 
VALUE TO POINT AT THE SWEEP REFERENCE ROUTINE AND DISMISS THE 
INTERRUPT, 

THE SWEEP RBFIRENCE ROUTINE WILL RErERENCl THE SWEEP ADDRESS 
CI,E,, MOVE AC, SWEEP A0DR3 AND AN AR/ARl TRAP MAY OCUR SAVING 
THE BAD DATA WORD, WHEN THIS TRAP ROUTINE IS FINISHED, IT WILL 
RETURN TO THE SWEEPER AFTER SETTING THE "D" FLAG, 

THE SWEEPER MILL CMECK THE "D" FLAG AND, If SET, SAVE THE BAD 
DATA WORD IN THE SWEEP ERROR TABLE, IT WILL THEN CHECK TO SEE 
IF THE CURRENT LOCATION IN THE SWEEPER ERROR lABLg HAS BEEN 
USED, THIS LOCATION CAN ii USED BX EITHER THE AR/ARX TRAP 
ROUTINE OR THE APR INTERRUPT ROUTINE, IF THE CURRENT POSITION 
IN THE ERROR TABLE HAS BEEN USED THE POINTER WILL IE 
INCREMENTED! THE SWEEP REFERENCE ADDRESS WILL ALWAYS BE 
INCREMENTED, IF THE SWEEP IS NOT FINISHED, THE ROUTINE WILL 
REFERENCE THE NEXT ADDRESS AND CONTINUE THE SWEEP, 

WHEN THE SWEEP IS FINISHED THE ROUTINE WJLL CLEAR THE 
"SWEEPING* FLAG AND THE «A« FLAG, CALL THE ERROR-LOGGER AND 
DISMISS VIA THE ORIGINAL SAVED P,C, 



4,2,1 ERROR DETECTED DURING THE SWEEP WILL CAUSE ANOTHER APR 
INTERRUPT OR AN AR/ARX PARITY ERROR TRAP OR BOTH, THE AR/ARX 
PARITY ERROR TRAP ROUTINE IS DESCRIBED IN PARAGRAPH, THE 
INTERRUPT ROUTINE WILL SEE THE "SWEEPING" FLAG SET, SAVE THE 
ERROR INFORMATION IN THE CURRENT LOCATION IM THE SWEEP ERROft 
TABLE, INCREMENT THE SWEEP ERROR COUNTER, CLEAR THE APR FLAGS 
AND DISMISS THE INTERRUPT (BACK TO THE AR/ARX TRAP ROUTINE OR 
THE CORE SWEEPER), 

THE BAD DATA DETECTED BY A CORE SWEEP IS ONLY HELD FOR ERROR 
REPORTING AND IS NOT CORRECTED CRE-WRITTEN WITH GOOD PARITY) 
NOR ARE ANY RETRIES PERFORMED, NO USERS ARE CRASHED BECAUSE IT 
IS NOT ALWAYS CLEAR HOW MANY USERS AND WHO SHOULD GET THE AXE, 
INSTEAD IT IS A FUNCTION OF THE AR/ARX PARITY ERROR TRAP 
ROUTINE AND/OR THE RH20 ROUTINES TO PERFORM THl RETRYS AND 
CRASH USERS IF UNSiCCESSFUL, 
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4.3 PAGE FA III TRAP FOR PAGE TABliE PARITY ERROR (CODE 25) 
TO BE SUPPI.IEB 

4.4 APR INTERRUPT FOR ADDRESS PARITY ERROR 
TO BE SWPPIiIEO 

4.5 APR INTERRUPT FOR NXM 
TO BE SUPPHEO 
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S, SXSERR SAMPfcE OUTPUT 

THE rOLi<0«IMG ARE SAMPLE OUTPUTS FROM SYSERR, THE REPORT 
GENERATING PORTION OP THE MONITOR ERROR REPORTING PACKAGE. 
THESE SWOUliD NOT BE CONSIOERiO ABSOIiUTE WITH REGARD TO FORM AND 
CONTENT SUf ARE INCI^UOED AS GUlDEIiINES TO DETERMINE WHAT 
INFORMAf ION SHOWIiD BE PRESERVED BY THE OPERATING SYSTEM, 

5,1 FAST AC PARITY ERROR 

THE LOGICAI^ "AND" AND "OR » OF THE BAD ADDRESSES SHQUI.0 INCI^UOE 
THE AC BLOCK NUMBER, 

FAST AC PARITY ERROR SYS #1037 
ATI 10114 ONt 15*aULy»74 

«##CNOfEl INFORMATION MUST BE COtljiCfBD BY THE ll,3«»» 

STATUS AT FAILURE i 

B1.0CKI 2 

ACt S 12 

IAD DATA! ia345f, ,654321 

RECOVERY! CONTINUE-CRASH USER 

SYSTEM HALT 

SWEEP INFORMATION? 

« ERRORS DETECTED! 3 

LOGICAL "AND" OF iAD ADDRESSKSt ABC 

LOGICAL "OR^ OF IAD ADDRESSES I CBA 

LOGICAL "AND" OF BAD DATA! mz 

LOGICAL »0R« OF BAD DATA* ZWX 
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S,2 EBUS PARITY ERROR 

THIS REPORT COVERS f HOSE ERRORS DEfECf ED »1 THE CPU, ESUS 
PARITir ERRORS DETECTED B¥ I/O DEVICES SHOULD BE REPORTED UNDER 
HEADINGS OF THAT DEVICE WHICH DETECT THE ERROR, 

#«»«#«*#♦♦#«*«»#«♦»»«####♦«*»# 
E-BUS PARITY ERROR SYS f 1037 
ATS 10114 OMS 15-JUIi¥*?4 



STATUS AT ERROR I 

OPERATIONt 
BAD DATA 1«0RDj 
RECOVERY I 
RETRY COUNT} 



DATAI XYZ 
1234S6,,6S432I 
REeOViRABl.E 
2 



S,3 CRAM PARITY ERROR 

INFORMATION IN PARENTHESES IS NOT INCLUDED IN FINAL OUTPUT BUT 
ARE ONLY EXPLANATORY NOTES, 

##♦»«#♦«#«»#»«♦«»♦###«»#■#»♦»## 
C-RAM PARITY ERROR SYS # 1037 
ATI UI03 ONI 28«0CT-7§ 

*•*»#«#♦«####■«#««♦♦#♦«##«»«»»« 

»«#CN0TEI INFORMATION MUST BE COLLECTED BY THE II,)*** 



STATUS AT FAILURES 

irj 

LAST ADOR ACCESSED! 

CR WAS; 
SHOULD BEt 
DIFFI 



2S4000 

432 

1234S61 23456,, 6S432l65432t 

l234S6l234§b,,4$432l6$4i2l 

000000000006, ,260000000000 



RECOVERY; 



SOFT-NONRELOADf CRASH USER 
HARD, SYSTEM CRASH 

■ ETC , , 



SWEEP INFORMATION! 

» ERRORS DETECTED I 3 
LOGICAL "AND" CF ADDRESSES « 
LOGICAL "OR" CF ADORESSlSi 
LOGICAL "ANDWCF DATE; ABC 
LOGICAL »0R* Cr DATA; ABCD 



XYZ 
XYZX 



ADDR, GOOD DATA 



OBSERVED DATA DIFFERENCfE 



(INFORMATION PRESENTED HERE FOR FIRST & FAILURES DETECTED 
DURING SWEEP) 
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5,4 D-RAM PARITY ERROR 

INFORMATION IN PARENTHESIS IS NOT INCJuUPEO IN FINAli OOTPUT BUT 
ARE ONLY EXPliANATORY NOTES, 

«##'»##♦»»♦♦###»*»♦»»♦###«#«■»♦« 
0»RAM PARITY ERROR SYS # 1037 
ATS 13105 ON?i3»JUN-74 

»#«(M0TEI INFORMATION MUST BE COIiI<ECTEJ) BY THE ll,)#»# 



STATUS AT PAIliURlt 




IFt 


254000 


OR ADDRESS f 


254 


D*RAM as 


123 


DR WASi 


12345670 


SHOUIiD BE J 


12345674 


DlFFS 


00000004 


RECOVERY S SOFTER! 


tmhQ, CON 



HARD, CRASH SYSTEM 

ETC, 
SWEEP INFORMATIONS 

i ERRORS DETECTED} 3 
LOGICAL "AND" OF ADDRESSESs XYZ 
LOGICAL "OR" OF ADORESSlSs XYZZ 
LOGICAL "AND* OF DAfAt ABC 
LOGICAL •OR" OF DATA! ABCD 

ADDR> GOOD DATA OBSERVED DATA DIFFERENCS 

CINFORMATION PRESENTED HERE FOR FIRST 6 FAILURES DETECTED 
DURING SWEEP) 
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S.5 KI^IO DATA PARITY ERROR 

THIS REPORT WIl,!. BE OENERAf ED FOR ANY ERROR DETECTED IM THE 
MAJOR DATA PATH BY THE DMA, Hi, PT, OR AR/ARX, 

THE »BAO DATA WORD" IN THE SECOMO SECTION IS 4»ISTE0 AS 
"(SPSPECTED)" IF THE ORIGINAli rAlLURE DID NOT INVOliVE THE EBQX 
AND THE MOVE INSTRUCTION CTO (SET THE DATA TO THE EBOXJ FAlIifD 
TO CAUSE A TRAP, 

♦##♦#•»##«#«»♦♦##«»###«■#■♦♦###« - 
KI,iO DATA PARITY ERROR SYS #1037 
ATI 40tl4 ONJ lS«JiH,¥*74 

#♦«♦#♦#»-«•*«#*#♦##♦*♦#«*♦»#♦♦♦ 

DATA PARITY ERROR TOTALS FOR CPI*0 



REPRODUCABLES 


2 


NON-REPRODWCAiLEs 





USER EMABt^EDt 





CORE SWEEPS! 


I 


DETECTED BY DATA 




CHANNEI. BUT NOT 




BY CPU I 





CONTINUES AFTER PE| 






STATUS AT ERROR I 

CONI APRI 12345 » TEXT 
IRAS 123456,, 654321 «s TEXT 

PHYSIC All MEM AD0R, 
AT FAIWREj 12345670 
(SUSPECTED) BAD DATA WORD? 123456, ,654321 

ERROR FIRST DETECTED BYi MB 
PROBABLE BAB DATA PATHI SBUS TC MS, MEMORY 

RECOVERY* CONTINUE USER 
RETRY COUNT I 1 

SWEEP INFORMATION i 

ERRORS DETECTEDI 2 

ERROR FIRST DETECTED BYS MB 

PROBABLE BAD DATA PATHS SBUS TO MB, MSMORI 

LOGICAL ^ANO* OF BAD 

PHYSICAL ADDRESSES! 654321 

LOGICAL "OR" OF BAD 

PHYSICAL ADDRESSES t 654321 

LOGICAL "AND* OF BAD OATAl 000001,000000 

LOGICAL "OR" OF BAD DATA t 777776,777777 

SYSTEM MEMORY MAPI 

INTERLEAVE MODES 1,2,0R 4 

CONTROLLER #01 MA20, 32R 
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STARTING ADORJ 000000 

(REPEATED FOR EACH COI«TROI,l,ER OK THE SYSTEM) 

DMA-20S 128K 
STARTING AOORI 177777 
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CHAP 1,6 PAGE 44 



S,6 KIilO ADORESSING FAILURE 

fHlS REPORf MOULD BE GENERATED ANI TIME EITHER ON NX« OR 
ADDRESS PARITY ERROR IS DETECTED. THE "BAD ADDRESS" FROM THE 
DMA IS LISTED ONL¥ If THE DMA DETECfiD THE ERROR, 

KLtO ADDRESSING FAILURE S¥S # 1037 
ATI 10U4 ON? lS»aUL¥*74 

ADDRESS PARIT¥ ERROR TOTALS FOR CPLO 

REPRODIICABLEJ 2 

»ON«REPRODUCA»LEl 

USER ENABLED? 

CORE SWEEPS! 1 
DETECTED BY DATA 
CHANNEL iUT NOT 

BY CPUI 

CONTINUES AFTER PEl 
NXM ERROR TOTALS FOR CPLO 

REPRODUCABLEI 2 

MON»REPRODUCAiLE| 

USER ENABLED I 

CORE SWEEPS* 1 
DETECTED BY DATA 
CHANNEL BUI NOT 

B¥ CPUt 

CONTINUES AFTER PEI 



STATUS AT ERROR! 
ERRORf 

CON I APRi 
ERA t 



S*BUS ADDR, PARITX ERROR 
DETECTED Bf DMA»20 
1234S .sf^ TEXT 
123456, ,634321 » TEXT 



BAD ADDR, (FROM DMA)t 12345670 



RECOVgR¥l 
RETRY COUNTS 



CONTINUE USER 

I 



SWEEP INFORMATIONS 

ERRORS DETECTEDl 2 

LOGICAL »AND»» OF BAD 

PHYSICAL ADDRESSESl 6S4321 

LOGICAL "OR" OP BAD 

PHYSICAL ADDRESSESl 654321 

SYSTEM MEMORY MAPI 

IMfERLEAWE MODEl 1,2, OR 4 

CONTROLLER #0| MA20, 32K 
STARTING ADDR I 000000 
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(REPEATED rOR EAC8 CONTROJ^LER ON THE SYSTEM) 



DMA«20l J28K 

STARTING ADORl lt7777 
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1,7 CACHE DIRECTORY PARITY iRROR 

tm CACHE RECOMFIGURATIOR IS fHE RESULT OF THE OPERATOR 
DIAfaOGUE AFTER THE CACHE SWEEP iY THE •U, IF ONIiY 1 CACHE 
FAIMD AND MAS TURNED OFF, OMW THAT CACHE NUMBER WQUI^D BE 
MSTE0, 

##♦####♦»♦♦#»####.###♦#«###»#»# 

CACHE DIRECTORY PARITY ERROR SYS # 1037 

ATI 10814 ONI 23»SEPT»74 

*#NOTE| INFORMAflON MUST BE COI.LBCTED BY THE U#»# 

SWEEP INFORMATIONS 

# ERRORS DETECTED I 3 

ItOGlCAI. "AND" OF ADDRESSESI ABCD 

IiOGICAl. "OR" OF ADDRESSES* OC»A 

CACHE #«S WITH FAILURli 2,3 

CACHE CONFIGURATION AT IRRORj khU CACHE ON 

CACHE RECONFIGURATION t Afcl, CACHE OFF 
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APPENDIX 

fESTING KHO ERROR REPORTWS IiOGIC 

THE fQhhOnm IS A DESCRIPTION OF HOW fO CAUSE HARDWARE 
OETECtABIiE ERRORS ON THERl.10, ALMQSf AI^L f HE ERRORS CAN SE 
CAUSED ENTIREiy if SOfTWARE HBAWS, A FEW CASES REaUIRE SOME 
MANUAli IfJfERVENTlON IM THE FORM OF SWIfCH fHROidlNG TO SWITCH 
HARDWARE OFF LINE IN ORDER TO CAUSE THE ERROR, THESE CASES 
HAVE BEEN KEPT TO A MINIMUM, 

I, DATA PARITY 

THE DATA PARITY I*06IC CAN iE TESTED BY WRITING EVEII PARITX FROM 

THE AR, 

EVEM CiAD) DATA PARITY CAR BE GENERAfBD ON WRITES TO MEMORY BY 
EXECUTING A •♦CONO PI" WITH ilT tt t«R EVEN DATA PARITY BIT) 
EQUAL TO 1 BEFORE DOIMG THE WRITE. A»Y WORDS WRITTEN WHICE 
THIS BIT IS OH WILIi BE WRITTEN INTO MEMORY (CACHE) WITH EVEN 
PARITY, IF THIS BIT IS OH AND ANY AC»S ARE WRITTEN THE DATA IN 
THE AC'S «IW BE WRITTEN WITH BAD PARITY, 

IF THE WORD GOES DIRECTliY TO MEMORY WITHOUT GOING THROUGH THE 
CACHE THEN AN Ml PARITY ERROR Wllil, BE DEfBCtlD BY THE PARITY 
CHECKER ON THE MB' S AS THE WORD GOES TO «1M0RY, THIS Wlt^l. 
CAUSE THE MB PARITY APR FLAG TO SET IN THE PROCESSOR, 

IF THE WORD WITH EVEN PARITY GOES TO THE CACHE THEM IT Witt SIT 
IN THE CACHE UNTIL A WRITEBACK OCCURS FOR THE QUADWORD 
CONTAINING THE WORD, THIS CAN BE CAUSED EITHER BY A CACHE 
SWEEP OR BY REFERENCING THE SAME LINE IN FOUR OTHER PAGES, IN 
EITHER CASE THE PARITY ERROR WILL BE DETECTED ON THE WRITEBACK 
INSTEAD OF ON THE ORIGINAL WRITE, 

AFTER THE WORD LEAVES THE MB»S IT WIl,L »E PARITY CHECKED AT THE 
DMA20 IF ONE EXISTS AND THE ADDRESS IS IN THE CORRECT RANGE, 
IF THE DMA20 DETECTS BAD PARITY IT WILL SEND SBttS ERROR TO THE 
PROCESSOR AND THIS WILL CAUSE THE SBUS APR FLAG TO SET, 

IF BAD PARITY WAS WRITTEN INTO ONE OF THE AC'S THEN THE EBOX'S 
CLOCK WILL STOP IF THE AC IS READ AFTER THE BAD PARITY WAS 
WRITTEN, 

PARITY ON READS CAN BE CiECfCEO BY WRITING A WORD WITH IAD 
PARITY INTO MEMORY AND THEN READING If BACK, ON THE WAY TO THE 
PROCESSOR THE WORD WILL BE PARITY CHECKED 4T THE DMA20, MB'S, 
AND IN THE AR OR ARX, THIS CHECKING WILL CAUSE THE SBUS AND MB 
PARITY APR FLAGS AND AN AR OR ARX PARITY PAGE FAIL, 
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2, PAGE fABi^E PARIff £KI»«ODE PAGING) 

fHE PAGE fA8l.E PARIfY LOGIC CAN BE CMECKSD 85f WRlflMG 8A0 
PARITY WTO A WORD OF THE CORE COPY OF A JOSS PAGE TABI.E, MEXT 
THE JOB SHOULi? iE STARTED AND IT SHOUIiD RErERENCE THE TWO PAGiS 
FOR WHICH THE CORE PAGE TASI»E MAS A WORD MiTH BAD PARITY, THE 
REFERENCES SHOaLDIMMBOIATELI PAGE FAII* WITH A CODE OF 2S, 
BOTH HALF WORD ENTRIES SHOULD BE RErEREICEO TO MAKE SRE THAT Al, 
OF THE PAGE TABIiE PARITY IiOGIC IS WORKIHG, 

3, PAGE TABIIE PARITY (Kl.»MODE PAGING) 

IN m PAGING MODE, BAD PARITY CAN BE WRITTEN INTO THE PAGE 
TABLE BY CAUSING A REFILL WHILE "WR EVEN DATA PARITY IS SET, 

4, CHANNEL DATA AND COMMAND WORD PARITY 

CHANNEL DATA AND COMMAND WORD PARITY CAN BE CHECKED BY WRITING 
DATA OR COMMAND WORDS WITH BAD PARITY INTO MEMORY FROM THE 
PROCESSOR, NEXT A CHANNEL WHICH WILL USE THE BAD DATA OR 
COMMAND WORDS CAN BE STARTED, 

IF A COMMAND WORD WITH BAD PARITY IS PICKED UP THE CHANNEL WILL 
SHUT DOWN AND STORE STATUS INFORMATION IN ITS LOGOUT AREA IN 
THE EXEC PROCESS TABLE, 

ir A DATA WORD WITH BAD PARITY IS FETCHiO THE ACTION OF THE 
CHANNEL IS DEPENDENT ON WHAT ERROR CHECKING IS. ENABLED IN RH2a. 
THIS ACTION CAN RANGE FROM TERMINATING THE TRANSFER AND 
INTERRUPTING THE PROCESSOR TO IGNORING THE ERROR, IF THE 
TRANSFER IS TERMINATED THE CHANNEL WILL STORE STATUS IN THE 
EXEC PROCESS TABLE, 

IN BOTH CASES THE MB PARITY APR FLAG WILL BE SET WHEN THE BAD 
WORDS ARE TAKEN OUT OF THE MI'S BY THE CHANNEL, 

DATA GOING PROM THE DEVICE TO MEMORY CAN BE CHECKED BY WRITING 
A WORD WITH BAD PARITY INTO MEMORY, WRITING IT OUT TO THE 
DEVICE WITH DATA PARITY CHECKING DISABLED IN THE RH20, AND THEN 
READING IT BACK WITH THE PARITY CHECKING ENABLED, 
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S, AR AND ARX PARITY 

THE AR PARITY LOGIC CAN BE CHECEED BY WRITING A WOR0 WITH BAD 
PARITY INTO CORE AND THEN DOING 

«OVE AC, MEM 

TO SRING THE DATA WORD INTO THE AR, THIS INSTRUCTION Mthh 
IMMEDIATELY PAGE FAIL WITH A CODE OF 26, 

THE ARX PARITY LOGIC CAN BE CHECKED BY WRITING A WORD WITH BAD 
PARITY INTO CORE AND THEN DOING 

MOVEI Ae,#ME« 

TO BRING THE INDIRECT WORD INTO THE ARX, THIS INSTRUCTION WILL 
IMMEDIATELY PAGE fAIL WITH A CODE OF 27, 

THE ABILITY TO WRITE WORDS WITH BAD PARITY INTO MEMORY SHOULD 
BE TESTE© BEFORE THE AR AND ARX PARITY PAGi FAIL LOGIC IS 
TESTED, 



i, SBUS ADDRESS PARITY 

THE SBUS ADDRESS PARITY LOGIC CAN BE CHECKED BY MAKING A MEMORY 
REFERENCE WHILE EVEN (BAD) ADDRESS PARITY IS BEING FORCED, BAD 
ADDRESS PARITY CAN BE FORCED BY DOING A "CONO PI" WITH BIT 18 
(WRITE EVIN ADDRESS PARITY BIT) EQUAL TO I, THIS WILL CAUSE 
THE NEXT MEMORY REPSRENCE FROM EITHER THE CHANNELS OR THE 
PROCESSOR TO BE MADE WITH BAD ADDRESS PARITY, AS SOON AS THE 
APR ADDRESS PARITY FLAG IN THE PROCESSOR SETS THE WRITING OF 
IAD ADDRESS PARITY WILL BE INHIBITED, 

THE ADDRESS PARITY NOTIFICATION IS GUARANTEED TO ARRIVE AT THE 
PROCESSOR BEFORE THE NEXT MEMORY REFERENCE IS INITIATED, 
HOWEVER, THE APR FLAG WILL NOT SET UNTIL THE EBOX CLOCK TICKS, 
THIS MEANS THAT IF IT IS DESIRID TO WRITE BAD PARITY FOR A 
SINGLE MEMORY REFERENCE THE PROGRAM THAT WRITES BAD ADDRESS 
PARITY MUST RUN OUT OF THE AC»S SO THAT THE EBOX CLOCK DOES NOT 
STOP TICKING, 
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7, CACHE DIRECTORIf FARIfY 

f ME CACHE DIRECTORY PARIf¥ WaiC CAN 8E CHECKED BY WRIflNG A 
WORD INTO THE CACHE WHIfcE THE WR EVEN CACHg DIRECTORY PARITY 
BIT IS SET^ THE WRITE EVEN CACHE DIRECTORY PARITY SIT CAN iE 
SET BY DOING A »C0»0 PI" «ITH SIT 20 EQUAI, TO I, EVEN CACHE 
DIRECTORY PARITY WiLt. 8E WRITTEN FOR Al^i* DATA THAT GOES INTO 
THE CACHE WHILE THIS SIT IS SET, 

IF THE WORD IN THE CACHE IS SUBSEQIIENTLY REFERENCED FOR ANY 
REASON (EBOX READ, CHANNEL READ OR WRITE, PAGE REFILL, BBOX 
WRITE, CACHE SWEEP, CACHE WRITEBACK) THE CACHE DIRECTORY PARITY 
ERROR APR FLAG WILL SET AFTER THE CURRENT REFERENCE COMPLBTiS, 
AS LONG AS THIS FLAG IS SET THE CACHE WILL BE TURNED OFF AND 
AiiLRBFlRENCES WILL GO DIRECTLY TO CORE, 

8, NONEXISTENT MEMORY REFERENCiS (PROCESSOR) 

THE NXM RECOVERY LOGIC CAN SE TESTED B¥ HAVING THE PROCESSOR 
MAKE A REFERENCE TO A LOCATION THAT DOESHCT EXIST IN THE MEMORY 
ADDRESS SPACE, 

IF A SYSTEM HAS 4 MILLION WORDS OF MEMORY THEN PART OF THE 
MEMORY WILL HAVE TO EE SWITCHED OFF LINE IN ORDER TO VERIFY 
THAT THE NXM LOGIC IS WORKING, 
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9, NONEXISfENT MEMORY REFERENCES (0MA2O) 

fHE NXM RECOVERY I^OGIC IH fHE OMA20 CAN BE fESTEO BY HAVING fKE 
PROCESSOR MAKE A QUA0WORD RErERBNCE TO 4«»AY INlERtEAVED MEMORY 
WHICH HAS ONE OF THE 4 MEMORY BOXES SWItCHEO OFF I^lNE, THE SOX 
THAT IS REFERENCED FIRST WHOUW NOT BE THE ONE THAT IS SWITCHED 
OFF III NE, 

A QUAOWOR0 READ REFERENCE CAN Ei INITIATED iY DOIMG A READ FROM 
A CHCHE THAT HAS JtlST HAD Ahh ITS DATA INVAI^IDAfED, THIS WII,!, 
CAOSE THE CACHE TO DO A FOUR WORD READ TO SRING THE QUAOWORD 
INTO THE CACHE, 

A QUADWORO WRITE REFERENCE CAJ4 BE WlTIATiD iY OOIWG THE 
FOIiIjOWINGJ 

1, SWEEP THE CACHE TO INVAliIDATEAl,!, DATA CVA|,IDATE CORE 
IF NECESSARY), 

2, WRITE INTO THE POUR IiOCATIONS OF THE aUAOWORD THAT IS 
TO BE SENT TO MEMORY, 

3, REFERENCE THE SAME him AS THE ONE CONTAINING THE 
aWAOWORD THAT IS TO BE SENT TO MEMORY IN FOUR OTHER 
PAGES THAT ARE IN EXISTENT MEMORY, 

THE I.AST REFERENCE IN STEP 3 MU^ti CAUSE THE QUAOWORD IN STEP 
TWO TO SE WRITTEN BACK TO MEMORY, 

10, I/O PAGE FAIL 

THE I?0 PAGE FAIli WGIC CAN IE TESTED BY HAVING THE 
10-PROCESSOR WRITE A WORD WITH EVEN (BAD) PARITY INTO MEMORY, 
NEXT THE 10 SHOWD SIGNAL THE ll TO DO AN EXAMINE OF THE 
LOCATION IN 10 MEMORY WITH THE BAD PARITY. THE 10 WILL GET AN 
I/O PAGE FAIL ERROR WHEN THE U 8XAMINES THIS LOCATION, 



11, E8US PARITY 10 TO II 

THE 10 CAN FORCE SAD EBtfS PARITY ON A TRANSFER TO THE 11 BY 
MOVING A BYTE OF -QREAfER THAN 16 BITS WITH AN ODD NUMSBR OF ONE 
BITS IN THE LEFT HALF TO THE 11, THIS WILL IN EFFECT 
COMPLEMENT THE PARITY BIT SETN OVER THE EBtlS TO THE U BECAUSE 
THE II COMPUTES PARITY OS ONLY THE RIGHT 16 BITS OP THE 36 BIT 
WORD SENT FROM THE 10. 
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12, ORAM AND CRAM PAR I IX 

DRAM AND CRAM PARITY MUST BE TESTED FROM THE U, PAERITY 
ERRORS CAM BE INSERTED JNTO EITMER OF THE RAMS BY HAVING THE tl 
CHANGE A BIT 18 ONE OF THE RAM MCATIONS, 

13, FAST MEMORY PARITY 

SEE THE PARAGRAPH EnTITI^IO "DATA PARITY". 
I END OF C«IS06,SPC3 
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ABSTRACT 

THIS CHAPTER CONCENTRATES ON THE USER INTERFACE TO EXTENDED 
ADDRESSING, THE SPECIFICATION PERMITS A VIRTOAL ADDRESS SPACE 
OF UP TO I ilLLION WORDS (30»BIT) ADDRESS, THIS tS 
ACCOMPLISHED lY PROVIDING UP TO 409§ 2§6K ADDRESS SPACES CAl»l»iD 
SECTIONS, THE KLIO WILL IMPLEMENT ONLY 32 USER SECTIONS (8 
MILLION WORDS). THE PROGRAMMER MAY CONSIDER EACH SECTION TO BE 
SEPARATE OR CONTIGUOUS, A POSITIVE NON-IERO LH OF AN XR IS 
USED TO SPECIFY A SECT I ON NUMBER, A NEGATIVE OR ZgRO LH OF AN 
XR IS USED FOR LOCAL REFERENCES, A SECOND FORM OF INDIRECT 
WORD PERMITS INDIRECTION, INDEXING, AND A 30-8IT ADDRESS, 
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REVISION HISTORY 

REV DESCRIPTION C«G MO ORIG DATE APPO B¥ DATE 

EXCT SCHEME 11 SEP 7i 

5 PROPOSAl, #4 as FEi 75 

6 PROPOSAl^ #4 • TIfPOS 24 FEi 15 

7 IMPliEMENTATIOIl 0ETAH.S 28 JAN 76 

8 MINUTES OF REVIEW 17 FEB i§ 

PREFACE 

THIS SPECIFICATIOII REPRESENIS THE WORK OF A NUMBER OF PEOPLE 
OVER THE tASf TWO YEARS, THE EXTiNOED ADDRESSING DESIGN GROUP 
IS li, DICKMAN, T, BGGERS, t., FEHSHENS, T, MASflNGSf I., 
HUGHES, A, KOTOK, D. l^EiME, P, IiIPMAN, D, MURPHI, 1, 
REID, D, RODaERS, G, STEIl., R, STE«ART, W» STRECKER. IN 
ADDITION 0, MOON AND 6. BlNIDICT MADE SIGNIFICANT 
CONTRIBUTIONS, THE DESIGN GROUP CONSIDERED 6 DIPFSRENT 
PROPOSAI^S IN THE PROCESS OF ITS WORK £16, 17, 18j. iiE BEX*IEVE 
THIS PROPOSAL TO BE SUPERIOR TO THE OTHERS, HOWEVER SINCE THIS 
ADDRESSING Wll«L APPEAR IN EVERY INSTRUCTION OF FUTURE PROGRAMS, 
IT IS IMPORTANT THAT THIS SPECIFICATION HAVE A CAREFUI, AND WIDE 
REVIEW TO MAKE SURE THAT WE CAN LIVE WITH It FOR Alili FUTURE 
MACHINES, m HAVE ALSO LEARNED THAT ADDRESSING IS A BASIC PART 
OF A SYSTEM ARCHITECTURE AND SO TAKES A LOT OF THOUGHT, BUT IS 
WORTH THE EFFORT, 



1, SUMHARY 

THE KIIO AND ITS PREDECESSORS IMPLEMENTED A 2S6K VIRTUAL 
ADDRESS SPACE WITH EACH INSTRUCTION SPECIFYING AN 18»BIt 
ADDRESS, THIS EXTENDED ADDRESSING SPECIFICATION INCREASES THE 
USER VIRTUAL ADDRESS SPACE TO I BILLION WORDS BY ALLOWING THE 
USER PROGRAM TO ADDRESS UP TO 4096 256K ADDRESS SPACES, CALLlD 
SECTIONS, EACH INSTRUCTION SPECIFIES A 30»BIT ADDRESS, 
IMPLICITLY OR EXPLICITLY, THE KLIO WILL IMPI.EMENT ONLY 32 
SECTIONS (8 MILLION WORDS), 

THE PROGRAMMER MAY USE THE SECTIONS AS SEPARATE LOGICAL 
ENTITIES OR AS A SINGLE CONTIGUOUS ADDRESSING SPACE, ARRAYS, 
STRINGS, AND PUSH DOWN STACKS MAY BE ARBIfRARILY LONG AND CROSS 
SECTION BOUNDARIES, HOWEVER CODE MUST TRANSFER CONTROL BSTWEfiN 
SECTIONS EXPLICITLY AND CANNOT FLOW ACROSS SECTION SOUNDARIES, 

IN ORDER TO SPECIFY A 30-BIT ADDRESS, THE INDEXING AMD 
INDIRECTION OF THE MACHINE HAVE BEEN MODIFIED WHEN THE PC IS IN 
A MON-XERO SECTION, HOWEVER THE MODIFICATION HAS BEES MADE 
SUCH THAT NEW SUBROUTINES CAN BE WRITTEN SO THAT THEY CAN RUN 
ON A KI OR A KL, IN ADDITION, SECTION IS CALLED THE KI 
COMPATIBLE SECTION, WHEN THE PC IS IN SECTION 0, INDEXING AND 
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INDIRECflOM WORK fHE SAME AS ON THE KI, IMMEBIATE NOOE 
iNSf RUCTIONS CONTINUE TO USE 18-SIT OPBRANOS IN khh SECTIONS, 

THE IiEFT MAljF (BITS 6*17) OF A 30*BIT AODRfSS SPECIFIES THE 
i2«BIT SECTION NUMBER AND THE RIGHT HAI.F (ilTS J8»35) SPECIFIES 
AN 18-8IT AODRESS.WITHIN-SECTION, INSTRUCTIONS WHICH SPECIFf 
NO INDEXING OR INDIRECTION ARE CAfcliED 1.0CAI. REFERENCES BECAUSE; 
THE5f RCFERSNCe THE PC SECTION I«»I.lCITli¥, FURTHERMORE INDEXING 
IN WHICH THE liEFT HAI.r IS NEGATIVE OR IS CAl'I^ED I^OCAl, 
INDEXING BECAUSE IT Al,SO REFERENCES THE PC SECTION IMPLICITIif, 
fcOCAl» INDEXING IS PROVIDED FOR POSITIVE OR NEGATIVE INDEXING OF 
ARRAYS IN THE CURRENT SECTION AND FOR USING THE A08JN J^OOP 
INSTRUCTION, LOCAL INDEXING NEVER CROSSES SECTION BOUNDARIES, 

INDEXING IN WHICH THE LEFT HALF IS POSITIVE AND N0N-2ER0 IS 
CALLED GLOBAL INDEXING BECAUSE THE LH IS INTERPRETED AS AN 
EXPLICIT SECTION NUMBER, THE J8«BIT RH OF THE INSTRUCTION (OR 
INDIRECT WORD) IS SIGN EXTENDED AND ADDED TO THE INDEX 
REGISTER, THEREFORE THE FINAL SECTION NUMBER «A¥ BE THE SAME 
AS THE LH OF THE INDEX REaiSTER, I GREATER, OR 1 LESS, THUS 
THE RH OF THE INSTRUCTION CAH BE A POSITIVE OR NEGATIVE OFFSET 
(MAX, MAGNITUDE OF 2 TO THE 17 J TO THrGLOBAL ADDRESS IN THE 
INDEX REGISTER, GLOBAL INDEXING CROSSES SECTION BOUNDARIES, 

IN ADDITION TO THE KI STYLE INDIRECT WORDS (CALLED INSTRUCTION 
FORMAT INDIRECT WORDS • iriW), AN EXTENDED rORMAT INDIRECT WORD 
CEFIW) IS PROVIDED, BIT a I MEANS IFIW, MEANS EFIM, IN AN 
EFIW, THE INDIRECT AND INDEX FIELDS ARE IN SITS 1 AND 2*5, 
INSTEAD OF BITS 13 AND I4«l7, BITS e*i7 OF THE EFIW SPECirX AN 
EXPLICIT SECTION NUMBER. FURTHERMORi THE INDEXING IS ALWAfS 
GLOBAL SINCE THE 30-BIT SUM OF THE BFIW AND THE INDEX REGISTER 
IS USED (WITH CARRIES OUT OF BIT 18 PROPAGATED TO ilT 17), 

THUS THE INDEX REGISTER CAN CONTAIN A GLOBAL ADDRESS AND THE 
EFIW A (POSSIBLY LARGE) SIGNED OFFSET OR VICE VERSA, 
CONCEPTUALLI IN AN EFIW, SIfS 6-35 OF THE INDEX REGISTER AND 
INDIRECT WORD ARE TREATED IN THE SAME WAY AS BITS t8»35 OF THE 
INDEX REGISTER AND INDIRECT WORD ON A Kl, 

IN ADDITION TO THE ABOVE MOOiriGATIONS TO INDEXING AND 
INDIRECf ION, SEVERAL INSTRUCTIONS HAVE ALSO BEEN MODIFIED (WHEN 
PC 15 IN A NON*ZERO SECTION), THE STACK POINTER CAN BE GLOBAL 
OR LOCAL DEPENDING Oi WHETHER ITS LEFT HALF IS GREATER THAN 
OR NOT, PC STORING IHSTROCTIONS STORE A GL08AL ADDRESS WITH NO 
FfcAGS, iXTE POINTERS ARE SIiGLE»MORD If BIT 12»0, OR DOUBLE 
WORD IF BIT 12*1, WITH THE SECOND WORD CONTAINING A GLOBAL 
ADDRESS, LUUOS CAN STORE AND DISPATCH TO SLOBAL ADDRESSES, A 
NEW INSTRUCTION, HOVE EXTENDED ADDRESS (XMOVEI), IS PROVIDED AS 
A 30«BIT ANALOG TO MOfEI, A FLAGS AND PC DOUBLE»WORD IS 
DEFINED MAINLY FOR MONITOR USB, 
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2, GOAIiS 

1, BE SOMETHING WITH WHICH WE WIl,i* WAST Al,I* FUTURE 
MACHINES TO BE UPWAR0 COMPATlBIiE, 

2, BE AifcE TO RUN KI CODE WITHOUT MOOIFICAflON (IN SECTION 
QUht), 

3, §E ABI^E TO WRITE NEW SUBROUTINES WHICH WII,!. WORK IN 
EXTENDED SECTIONS, THE Kl COMPATIBkS SECTION AND THE KI 
ITSEIiF,: 

4, MINIMISE THE SPACE AND TIME OVERHEAD FOR EXtENDED 
ADRESSING SUFFICIENT!,! SO THAT khL FUfURE SUBROUTINES 
COULD REALISTICALLY MEET GOAL 3, 

5, PRESERVE THE INTENT AND USAGE OF EACH OF THE 
IM5TRUCTI0NS IN THE KI ORDER CODE, 

6, ALLOW THE PROGRAMMER TO CHOOSE WHETHER 10 DIVIDE HIS 
ADDRESS SPACE INTO SEPARATE LOGICAL DIVISIONS OR TO 
CONSIDER SECTIONS TO BE LOGICALLY CONTIGUOUS, THUS 
ARRAYS, STRINGS, AND PUSHDOWN STACKS CAN CROSS SiCTlW 
BOUNDARIES AND CAM BE MANY SECTIONS LONG, 

7, MAKE INDEX REGISTERS, INDIRECT WORDS, BYTE POINTERS, 
THE PC# AND STACK POINTERS BE AS SIMILAR TO EACH OTHER 
AS POSSIBLE, 

3, NON-GOALS 

1, THE USER CANNOT FREEI»¥ MIX EXISTING KI CODE WITH 
EXTENDED ADDRESSING. SECTION CANNOT CALL OTHER 
SECTIONS EXCEPT VIA THE MONITOR, 

2, THIS SCHEME DOES NOT SOLVE THE PROfECflON PROBLEMS OF A 
DOMAIN ARCHITECTURE, THAT SHOULD BE CONSlOERED FOR A 
FUTURE MACHINE, 

3, CODE CANNOT FLOW ACROSS SECTION BOUNDARIES, THE 
PROGRAM MUST EXPl^ICiTLY TRANSFER CONTROL FROM ONE 
SECTION TO ANOTHER, 
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f, TERMt»Ol,OGY 

1.0CAI:. AD0RESS • AN 18-Blf QUANTITY SPECIFYING AN A00RESS ilTHlN 
THE SECTION IN WHICH THE QUANTITY IS STORED. 

QhQhKU ADDRESS •A 30«BIT QUANTITY SPECIFYING A l2*iIT SECTION 
NUMBER AND AN li»BIT ADDRESS WITHIN SECTION, 

INSTRUCTION FORMAT INDIRECT WORD CIFIW) • A FORM OF INDIRECT 
WORD CUT 0*J » 105 IN WHICH T«E INDIRECT AND INDEX FIEfcDS AftE 
SPSCiriED AND HANDl,ED THE SAME AS IN AN INSTRUCTION, I.E., SITS 
U AND H»17, THE INDEX REGISTER CONTAINS A MCAI* ADDRESS COR 
HAfcF WORD OFFSET) IF THE I,H tXR) IS NEGATIVE OR ZERO, IT 
CONTAINS A GliOBAl* ADDRESS IF THE I,H IS POSITIVE AND NOH-^ERO, 

EXTENDED FORMAT INDIRECT WORD CEFiW) - AN AWERNATE FORM OF 
INDIRECT WORD CSIT » 0) IN WHICH THE INDIRECT AND INDEX 
FIELDS ARE SPiCIFIEDSY BITS 1 AND 2«S, BITS 6«.t7 SPECIFY A 
SECTION NUMBER, THE INDEX REGISTER CAN CONTAIN A 3§»BlTGl.0iAI, 
ADDRESS AND THE EFIW A 30»BIT OFFSET OR VICS-VERSA, THE T«0 
IO»iIT QUANTITIES ARE ADDED TOGETHER CWITH CARRIES OUT OF BIT 
if INTO BIT 17), 

hmkh INDEXING • INDEXING WHICH REMAINS WITHIN THE SECTION IN 
WHICH THE WORD SPECIFYING THE INDEX FlEfcO RESIDES, liOCAt 
INDEXING IS PERFORMED IN SECTION CAWAfS) AND IN MON^sZERO 
SECTIONS CIN INSTRUCTIONS OR INSTRUCTION FORMAT INDIRECT WORDS) 
WHEN THE JuEFT HAI.F OF THE INDEX REGISTER IS NEGATIVE OR 0, 

GMBAI. INDEXING • INDEXING I» WHICH THE INDEX REGISTER MAY 
SPECIFY A SECTION NUMBER IN ITS I.EFT HAliF, INDEXING IN 
INSTRUCTIONS AND IFIWS IS GtOBAt IF THE LH OF THE INDEX 
REGISTER IS POSTIVE AND NON^ZERO, INDEXING IN IFIWS IS ALWAYS 
Gl.OBAIi, 

GiOBAI* PC • THE ONE-WORD PROGRAM COUNTER CONTAINING A GWBAI, 
ADDRESS, BITS 0-5 ARE 2ER0, NO FLAGS ARE iNCliUOED, 

liOCAL STACK POINTER • A ONE WORD POINTER TO THE END OF THE 
STACK IN THE CURRENT PC SECTION, THE W HAS A NEGATIVE COUNT 
OF THE NUMBER OF WORDS 1.EFT UNTIfc OVERFIiOW AND IS IN liOCAli 
INDEXING FORMAT, 

GWBAl. STACK POINTER • A ONE WORD POINTER TO THE END OF THE 
STACK WHICH MAT BE IN ANY SECTION, THE m IS GREATER THAN 0, 
AND IS A GliOiAlt ADDRESS, 

1.0CAI* BYTE POINTER * A ONE WORD BYTE POINTER AS ON THE KIIO 
WITH THE ADDITION THAT BIT 12 m 0, INDEXING AND INDIRgCTION 
FOLLOW THE RUIiES FOR INSTRUCTIONS, 

GLOiAIi BYTE POINTER • A TWO WORD BYTE POINTER IN WHICH BIT 12 « 
i, THE SECOND WORD CONTAINS A GLOBAL ADDRESS, 
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5, GENERAl, SPECIflCAtlONS 

THE EXISTING PDP»10 SERIES or MACHINES IMPlrEMENf AN IS-BIT, 
aSSK-WORD VIRTUAI, ADDRESS SPACE, ALli INSTRUCTIONS WHICH OSE A 
MEMORY ADDRESS UhX SE GIVEN AN IB-BIT ADDRESS, THE KllO IS THE 
REFERENCE POINT FOR THE DISCUSSION IN THIS DOCUMENT | 
INSTRUCTIONS ARE INTERPRETED AS IMPLEMENTED ON THE KIIO UNl,ESS 
OTHERWISE SPECIFIED, 

THIS DOCUMENT IS NOT REliATED TO AND DOES NOT REFERENCE AN¥ 
PREVIOUS DOCUMENT ON THE SUBJECT OF EXTENDED ADDRESSING INSOFAR 
AS THE SPECIFICATION OF INSTRUCTION INTERPRETATION IS 
CONCERNED, IT IS INTENDED TO BE A COMPLETE DOCUMENT, THE BODY 
OF THIS SPECIFICATION CONTAINS AIiI, OF THE INFORMATION WHICH 
SHOULD EVENfUALLY APPEAR IN THE HARDWARE REFERENCE MANUAL, 
INCLUDING RATIONALE FOR MANX OF THE DESIGN DECISIONS, THE 
APPENDIX CONTAINS EXPLANATIONS FOR REJECTED ALTERNATIVES 
FLAGGED IN THE TEXT WITH BRACKETS, 



5, J THE VIRTUAL ADDRESS SPACE 

THIS DOCUMENT PROVIDES A SPECIFICATION FOR INSTRUCTION 
INTERPRETATION SUCH AS TO IMPLEMENT A 30-lIT tl»iILLlON WORD) 
ADDRESS SPACE, THE VIRTUAL ADDRESS CONSISTS OF TWO PARTS, THE 
HIGH»ORdER 12 BITS CALLED THE »SECTIO»% AND THE LO«»ORDER 
I 8-SITS CALLED THE "WORD-WITHIN.SECTION" (OR JUST «W0RD«3, THE 
USER AND MONITOR ADDRESS SPACES ARE INDEPENDENT, EACH 
CONSISTING OF 4096 SECTIONS OF 256IC WORDSCU, 

ON THE KLIO PROCESSOR, ONLf 5 BITS OF SECTION NUMBER WILL BE 
IMPLEMENTED, THUS RESTRICTING USE OF THE ADDRESS SPACE TO THE 
FIRST 32 SECTIONS, THE KLIO HARDWARE WILL TRAP ANf REFERENCE 
TO A LOCATION OUTSIDE Of THE FIRST 32 SECTIONS, 
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THIS DESIGN IS iASED ON THE PREMISE THAT NO CI.EAN AND ErFICIENT 
IMPLEMENTATION OF EXTENDED ADDRESSING IS POSSIBliE WHICH AliIiOWS 
EXISTING Kilo CODE TO BE FRBEI*¥ INTERMIXED WITH CODE EMPiOyiNG 
EXTENDED ADDRESSES, THEREFORE, A DISTINCTION IS MADE BETWEEN 
SECTION AND Al»I* OTHER SECTIONS AS FDIiliOiSj 

CODE BEING RUN IN EXEC SECTION Oft USER SECTION MlUh 
BE INTERPRETED EXACTLf AS IT IS ON THE KIlQ, USER CODE 
IN USER SECTION «II*I, NOT BE ABl*E TO ACCESS. OTHER 
SECTIONS EXCEPT VIA NfiWI^Y DEFINED MONITOR CAl^I'S, 
MONITOR CODE IN EXEC SECTION mUh BZ kBhE TO ACCESS 
ANY SECTION IN ITS CALLER USING PXCT, PXCT IS 
DOCUMENTED ELSEWHERE, CODE BEING RON IN SECTIONS OTHER 
THAN MILL BE INTERPRETED IN CERTAIN WATS WHICH ARE 
INCOMPATIBLE WITH THE KIIO INTERPRETATION BUT WHICH 
ALLOW CONVENIENT USE OF THE EXTENDED ADDRESS SPACE. 
SECTION (EXEC AND USER) IS CALLED THE KI COMPATIBLE 
SECTION, NON.ZERO SECTIONS ARE CAl«I.ED EXTENDED 
SECTIONS, . 

HOWEVER, USER CODE IN NON»gERO SECTIONS AND MONITOR 
CODE IN km EXEC SECTION WILL BE ABLE TO lEFiRENCE AMD 
TRANSFER CONTROL TO SECTION 0, ONCE THE EFFECTIVE 
ADDRESS COMPUTATION ENTERS SECTION 0, FURTHER INDEXING 
AND INDIRECTION WILL CONTINUE FOLLOWING THE RULES FOR 
SECTION 0, THUS PROGRAMS (MONITOR ESPEClALt.¥) DO NOT 
NEED TO KNOW WHICH SECTION CALI^ED, 

ALTHOUGH EXISTING KI CODE CANNOT IE FREELX INTERMIXED WITH CODE 
EMPLOYING EXTENDED ADDRESSES, IT IS POSSIBLE TO WRITE NSW 
SUBROUTINES EMPLOYING EXTENDED ADDRESSING WHICH WILL ALSO RUN 
ON THE KIIO, THUS THE SUPPORT COSTS FOR EXTENDED ADDRESSING 
WILL BE GREATLY RSOUCEDi 
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5,2 OVERVIEW OF SOFTWARE WSfi OF EXTENDED ADDRESSING 

THE SECTION ARCHITECTURE BEARS SOME SIMILAR!? X TO EXTENDED 
ADDRESS SCHEMES, SEGMENTATION SCiEMESf AND DOMAIN ARCHITlCfURE 
SCHEMES OF OTHER MACHINES, HOWEVER, IT DOES NOT PROPERLY 
REPRESENT SEGMENTATION, NOR TRUE DOMAIN ARCHITECTURE 1201, IT 
INCREASES THE ADDRESS SPACE TO 8M WORDS ON THE fCLlO, HOWEVER 
EXPANSION TO A 3d«BIT ADDRESS tl BILLION WORDS) WILL SE 
POSSIiLE IN FUTURE MACHINES WITH MO SOFTWARE COMPATIBILITY 
PROBLEMS, lECAUSE THE KLIO IS ONLY IMPLEMENTING 32 SECTIONS 
PER PROCESS, IT IS NOT POSSIBLE TO PUT EVERY PROCEDURE AND DATA 
ARRAY IN A SEPARATE SECTION LIKE SOME SEGMENTATION SCHEMES, WE 
WILL CONTINUE TO USE LINKIO TO RELOCATA0LY LOAD AND LINK 
PROCEDURES AND DATA INTO ONE OR A SMALL NUMBER OF SECTIONS, 
PROGRAMS CAN BE WRITTEN TO PUT A NUMBER OF DATA ARRAYS IN 
DIFFERENT SECTIONS, THIS WILL HELP THE DYNAMIC ALLOCATION 
PROBLEM WHEN THE MAXIMUM SIZE OF THE ARRAYS IS UNKNOWN, UNLIKE 
MOST SEGMENTATION SCMEMgS, AN ARRAY CAN SPAN ACROSS SECTIONS 
AND CAN BE LARGER THAN 25§K, PROGRAMS CAN DEPEND ON THE 
OPERATING $YSTiM»S VIRTUAL MEMORY CAPABILITY INSTEAD OF DOING 
EXPLICIT I/O, COMMONLY USED ROUTINES WILL BE LINKED TOGETHER 
TO FORM A SMALL NUMBER OF POTENTIALLY LARGE LIBRARY SECTIONS, 
THESE PROCEOUHES WILL FOLLOW THE PROCEDURE STANDARDS CURRENTLY 
BEING DEVELOPED, RUN TIME SYSTEMS, COMPATIBILITY PACKAGES, 
COMMAND LANGUAGE EXECS, AND DEBUGGERS ARE ALSO EXAMPLES OF 
PROGRAMS WHICH CAN USE THE SECTION ARCHTTECTURE, FINALLY VERY 
LARGE PROGRAMS CAN BE WRITTEN TO RUN IN MULTIPLE SECTIONS 
WITHOUT OVERLAYS, 

NO PROTECTION IS PROVIDED FOR INTER-SECTION CALLS OR REFERENCES 
BEYOND WHAT IS AVAILABLE WITHIN A SECTION, THUS ANY SECTION 
CAN REFERENCE AMY OTHER SECTION, PUBLIC PROGRAMS CANNOT 
REFERENCE PRIVATE PAGES, PUBLIC PROGRAMS MUST TRANSFER CONTROL 
TO PRIVATE PAGES THROUGH PORTAL INSTRUCTIONS, PROTECTION IS 
ASSOCIATED WITH THE PAGE TABLE, THUS EACH USER PROCESS HAS ITS 
OWN PAGE TABLE FOR EACH SECTION, HOWEVER A SECTION WILL 
TYPICALLY BE MADE UP OF A NUMBER OF STORAGE CLASSES AS IN A 
DOMAIN ARCHITECTURE, THESE WILL INCLUDE READ-ONLY CODE AND 
DATA, PROCESS OWN STORAGE (PUSHDOWN STACKS INCARNATION OWN 
STORAGE (COPY ON WRITE), AND DOMAIN OWN STORAGE (FILES MAPPED 
INTO THE ADDRESS SPACE) (203, 

SECTION NUMBERS WILL NOT BE ASSIGNED AT CODING OR COMPILE TIME, 
THEY WILL BE ASSIGNED AT mn TIME FOR MOST APPLICATIONS SUCH AS 
LIBRARIES AND AT LINK TIME FOR LARGE OWN ARRAYS DECLARED TO BE 
IN A SECTION OTHER THAN THE CODE SECTION, PROCEDURES WILL BE 
WRITTEN AS SECTION^INDEPENDENT CODE, THE SAME SHARED COPY OF A 
PROCEDURE CAN BE ASSIGNED TO DIFFERENT SECTION NUMBERS IN TWO 
PROCESSES, ALL INTER-SECTION LINKAGE POINTERS BBTWlEN 
PROCEDURES MUST BE STORED IN PER-PROCESS STORAGE, 
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6, EFFECTIVE ADDRESS COMPUTATION 

khU PDP»10 INSTRUCTIONS COMPUTE AN EFFECTIVE AOOrCSS, THIS 
CHAPTER DESCRIBES THE EFFECTIVE ADDRESS COMPUTATION PERFORMED 
WHEN THE PC IS IN A »0N»0 SECTION, THE EFFECTIVE ADDRESS 
COMPUTATION CONSISTS OF (OPTIONAl.) INDEXING AND (OPTIONAI,) 
INDIRECTING IN THAT ORDER, WITH THE POTENTIAI* OF ITERATING 
THESE TWO STEPS AN ARBITRAHy NUMBER OF TIMES, IF NO INDEXING 
OR INDIRECTION IS SPECIFIED, THE EFFECTIVE ADDRESS IS ASSUMED 
TO BE IN THE CURRENT SECTION AND IS- CAI*I.ED A tOCAt, REFERENCE , 
THERE ARE TWO FORMS OF INDEXING, CU INSTRUCTION FORMAT 
INDEXING AMD (2) EXTENDED FORMAT INDEXING, SEE ATTACHED WORD 
FORMAT PICTURES, 

EXAMPLE • IiOCAli REFERENCE (NO INDEXING OR INDIRECTION) 

IK SECTION 221 

MOVE T,1000 

MOVES liOCATION 22,,1000 TO T, I,E,, WCATION 1000 IN 
THE CURRENT SECTION WHICH IS 22, 



:« 
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6,1 INSTRUCflON FORMAf INDEXING 

INSfRUCTION FORMAT INDEXING OCCURS IN IMSTROCTIONS ANO IN 
INSTRUCflON FORMAT INDIRECT «OROS (IFIW), IFItsTS ARE KI»STYi<E 
INDIRECT WORDS MITH BITS 0»1 « lO C15J, «HEN THE INDEX PlEi,0 
or AN IKSfRUCTION(#) IS NON-O, THE CONTENTS OF THE DESIGNATED 
REGISTER IS EXAMINED, 

1, liOCAI^ INDEXING 

IF THE I.EFT-HALF IS NEGATIVE OR 0, hOQhh INDEXING IS 
PERFORMED, THIS MEANS THAT THE RIGHT HALF Of THE INDEX 
IS ADDED TO THE RIGHT HAI,F OF THE INSTROCTIONC#) , AND 
THE SECTION NUMBER FROM WHICtJ THE INSTRUCTION C#3 WAS 
FETCHED IS INSERTED AS THE SECTION NUMBER Of THE 
RESUI^TING INTERMEDIATE AOORESS, THUS SMAfcli INDICES 
CMAGMITUDE LESS THAN 2 TO THE 18TH) AND AOBaN POINTERS 
CAN BE USED FOR ARRAYS IN THE CURRENT SECTION, LOCAI* 
INDEXING ALWAYS STAYS IN THE SAME SECTION, THUS ARRAYS 
ADDRESSED WITH LOCAL INDEXING CANNOT CROSS SECTION 
BOUNDARIES, 

2, GLOBAL INDEXING 

IF THE LEFT-HALF IS POSITIVE AND NON-0, THE ENTIRE 
INDEX IS ADDED TO THE RIGHT HALF OF fHE INSTRUCTION C*) 
WITH ilT 18 OF THE INSTRUCTION SIGN IXTENDED TO BITS 
0-I7, THE LOW-ORDER 30 -BITS OF THE RESULT ARE TAKEN AS 
f HE INTERlfEDI ATE ADDRESS, THE CONTENTS OF fHE INDEX 
REGlStER CAN BE THOUGHT OF AS A GLOBAL ADDRESS (SECTION 
IN LH, ADDRESS WITHIN SECflON IN RH), WHILE BITS 18»35 
OF THE INSTRUCTION (*) ARE A POSITIVE OR NEGATIVE OFFSET 
(HAXIMUM MAGNITUDE OF 2 TO TttE J7TH), THUS THE 
RESULTING SECTION NUMBER MAY BE THE SAME AS THE LH OF 
THE XR, I GREATER, OR 1 LESS, GLOBAL INDEXING IGNORES 
SECTION gOUNDARIES AND NEVER WRAPS AROUND* CONTRASf 
THIS WITH LOCAL INDEXING WHICH OBSERVlS SECTION 
BOUNDARIES BY WRAPPING AROUND, 



C*) INSTRUCflON OR INSTRUCTION FORMAT INDIRECT WORD (IFIW) 
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EXAMPbE - JUOCAIi ISOEXING 
IN SECTION 221 

MOVEI 1,100 
MOVE Ti, 1000(13 

MOVES 22, ,1100 TO fl, IE,, lOOfE ESTRy IN ARRAY 
STARfING Af 1000 IN CURREHf SECflOS (22), 



EXAMPI^E • NEGAflVE INDEXING 

IN SECflON 221 

MOVNI 1,100 
tiOOPi ADD T, 1000(1 J 
AOaii I,IiOOP 

AO0S MCAflONS 22,f700 THROUGH 22,, 777 IN fHE CaRREST 
SECTION, IE,, SECTION 22, 



EXAMPLE • AOBaN liOOP 

IN SECTION 22s 

MOVSI I,»I*ENGT« 
LOOP; ADD T, 1000(1 ) 
AOBJN I,liOOP 

ADDS At,Ii LOCATIONS IN ARRAY STARTING AT 1000 IN CURRENT 
SECTION (22), NOTE THAT ARRAY CANNOT CROSS SECTION 
BOUNDARIES SINCE LOCAL INDEXING IS CrSED, 
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EXAMPLE - GLOBAL INDEXING 

IN hHt (»ON»0) SECTION » 

WOVE f,t22#flOOOJ 
ADD Tl,lO0(T) 

AODS fHE lOOTM LOCAflON OF COMfROL SLOCK SfARfING Af 
22,1000, IE,, LOCATION 22,, 1100, 



EXAMPLE •GLOBAL IMOEXING WITH NEGAtlVE OFFSET 

IN mt (NON»0) SECTION* 

MOVE T,£22,,lO00J 
A00 T1,«I00(T) 

ADDS THE •lOOTH LOCATION OF CflHTROL BLOCK STARTING AT 
22,, 1000, IE,, LOCATION 22, i 700, NOTE THAT IN THE 
GLOBAL INDEXING CASES, THE CONTROL BLOCK CAN CROSS A 
SECTION BOUNDARY SINCE CARRIES ARE NOT SUPPRESSED OUT 
OF BIT 18, 
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6,2 iNOIRECflON 

IF fHE INDlRECf Bif (BIT 13) OF fHE INSTRUCflOM IS A ONEr fHE 
INTERMEDXAtE ADDRESS (CAIiCUI<ATE0 FROM INDEXING IF AN¥) IS USED 
TO FETCH AN INDIRECT WORD WHICH IS tNTERPRETED IN ONE OF FOUR 
WA¥S DEPENDING ON A TWO BIT CODE IN BITS 0*1 OF THE INOIRSCT 
WORDtlU, 



CODE INDIRECT WORD TXPE 

10 INSTRUCTION FORMAT INDIRECT WORD (IFIW) 

NO EXPLICIT SECTION NUMBER APPEARS, INSTEAD 
THE SECTION NUMBER IS THE SAME AS THAT 
CONTAINIMg THE INDIRECT WORD, THE If X, AND ¥ 
riEWS ARE INTERPRETED AS THB¥ ARE IN AN 
INSTRUCTION, AMD ADDIflOSAli INpEXfNG AND/OR 
INDIRECTION MA¥ OCCUR. INDEXING IN AN JFIW 
rOLt.OWS THE SAME RUMS AS FOR INSTRUCTIONS, 
NAMEtiY I^OCAI, AND Gl*OBAl» INDEXING ARE PERMITTED, 
THE SOFTWARE IS FREE TO STORE INFORMATION IN 
BITS 2-12, FUTURE HARDWARE Willi. NOT use BITS 
2-12 IN IFIWS, THE DEC PROCEDURE CAl,LING 
STANDARD DESCRIBES THE SOFTWARE USE OF THESE 
BITS IN ARGUMENT IiISTS FOR DEFINING ARGUMENT 
TYPES 

00,01 iXTENOED FORMAT INDIRECT WORD CEFIW) 

THIS FORM IS PROVIDED FOR THE CONVENIENCE OF 
ADDRESSING IiARGEARRAXS AND FOR REPRESENTING A 
30»8IT GliOBAl* ADDRESS IN A WORD, BIT I IS 
INTERPRETED AS AN INDIRECT BIT, BITS 2»5 ARE 
INTERPRETED AS AN INDEX FIEtO, BITS 6*t7 ARE 
INTERPRETED AS AN EXPI,ICIT SECTION NUMBER, THE 
ENTIRE INDEX REGISTER (POSITIVE OR NEGATIVE) IS 
ADDED TO THE INDIRECT WORD TO FORM A 30-8IT 
SUM, THUS THE INDEX REGISTER CAN CONTAIN A 
GliOiA£* AOOiESS AND THE EFIW A CPOSSIBl*! LARGER 
THAN A SECTION) SIGNED OFFSET OR VICE VERSA, 
CONCEPTUALLY IN AN EFIW, BITS 6«35 OF AN ISDEX 
REGISTER WORD ARE TREATED THE SAME AS BITS 
i8«35 OF AN INDEX REGISTER AND INDIRECT WORD ON 
THE KI, FURTHER INDIRECTION CAN OCCUR, EflWS 
ARE USED FOR HANDLING ARRAYS WHICH ARE BIGGER 
THAN A SECTION C19J, 
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11 RESERVED FOR FUTURE 

BITS 2*»35 MAY BE USED BH fUTORE HARDWARE FOR 
hnt PURPOSE, THE SOFTWARE MUST NOT USE THIS 
TlfPE OF INDIRECT WORD FOR ANXTilNG, THE 
HARDWARE Wit,!* TRAP (PAGE FAIL, CODE 24) 
WHENEVER THIS COMSIfiATlON IS EMCOUNIEREO IN AN 
EFFECTIVE ADDRESS COHFUTATION 18 A NON-ZERO 
SECTION, THE MONITOR CANNOT PERFORM ANY USER 
StRVlCE AS A RESULT OF THIS TRAP, INCWDING 
TRAPPING TO THE USER, OTHERWISE THE HARDWARE 
COULD NOT USE THIS FORMAT IN A FUTURE MACHINE 
WITHOUT COMPATIBILITY PROBLEMS, 

NOTE THAT THE SENSE OF THE SIGN BIT CORRESPONDS TO THE SIGN BIT 
OF AN INDEX REGISTER, IE,, MEANS GLOflAL AND 1 MEANS LOCAl. 
tl5J, THUS INDIRECT WORDS CAN BE USED AS INDEXES AND VICE 
VERSA IN MANY CASES, THE TWO TYPES OF INDIRECT WORDS CAN BE 
MIXED IN AN IHOIRECT CHAIN, IN FACTi AN ARGUMENT LIST 
CONTAINING A POINTER TO ANOTHER SECTION WILl< DO SO WITH AN IFIW 
POINTING TO AM EFIW, 



THE FOREGOING MEANS THAT IF AN INSTRUCTION SPECIFIES MO 
INDEXING OR INDIRECTION, THEN THE SECTION NUMBER OF THE 
EFFECTIVE ADDRESS WILL BE DEFAULTED TO THE SECTION FROM WHICH 
THE INSTRUCTION WAS FETCHED. IF AN INSTBOCflDN FORMAT INDIRECT 
WORD SPECIFIES NO INDEXING OR INDIRECTION, THEN THE SECTION 
NUMBER OF THE EFFECTIVE ADDRESS WILL BE OEFAUIiTED TO THE 
SECTION FROM WHICH THE INDIRECT WORD WAS FETCHED, IN GINERAI., 
WHENEVER A DEFAULT SECTION IS REQUIRED DURING AN EFFECTIVE 
ADDRESS COMPUTATION^ IT IS TAKEN TO BE THE SECTION FROM WHICH 
THE MOST RECENT INSTRUCTION OR INDIRECT WORD WAS TAfCEN, IF THE 
LAST CYCLE OF AN IFFECTlVi ADDRESS COMPUTATION NEEDS A DEFAULT 
SECTION NUMBER, THE RESULTING EFFECTIVE ADDRESS IS SAID TO BE 
LOCAL, RATHER THAN GLOBAL, 
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EXAMPLE • EXTENDED FORMAT INDIRECTION 

IN ANY (NON-0) SECTION I 

MOVE T,§t3OrflOO0J 

LOADS T WITH THE CONTENTS OF LOCATION 1000 IN SECTION 
30, 



EXAMPLE • EXTENDED FORMAT INDIRECTION WITH INDEXING 

HOVE! a, 100 

MOVE T,§CEFIW 30,1000(a)3 

LOADS T WITH THE CONTESTS OF LOCATION llOQ IN SECTION 
30, NOTE THAT THE EFIW PSEUDO-OP CAUSES THE ASSEMBLER 
TO SWAP THE EXPRESSION INSIDE PAREITHfiSES AROUND &IT 6 
INSTEAD OF BIT 18, THUS a APPEARS IN BITS 2*5 OF THE 
EFIW, INSTEAD OF 14-17, 



EXAMPLE "ARRAY IN ANOTHER SECTION 

MOVE C# t2000000-lj $Z SEGflOMS WORfH 

LOOPI ADO T,S[EFIW 30UOOO(C)3 

SOJGE CLOOP 

ADDS THE 51 2K ARRAY FROM 30#tlO0O THROUGH 32, #777, 
NOTE THAT EVEN IF THE ARRAY HAD BEEN LESS THAN 2 TO THE 
17TH WORDS LONG AND DIDM«T CROSS ANY SECTION 
BOUNDARIES, IT WOULD STILL NOT BE POSSIBLE TO USE AOBaN 
FOR THE LOOP, THIS IS BECAUSE THE ENTIRE INDEX 
REGISTER IS ALWAYS ADDED IN AN eriWC123, 



EXAMPLE • NEGATIVE INDEXING A LARGE ARRAY 

MOVE C#1*2000000*1J r 2 SECTIONS WORTH; 
loop; ADO T,0tEFIW 32,1000(C)J 
AOaLE CLOOP 

ADDS THE 512K ARRAY FROM 30,,l00l THROUGH 32,, 1000, 



SEE SECTION 8,3 FOR EXAMPLE OF INSTRUCTION FORMAT INDIRECT WORD 
USED WITH EXTENDED PUSHDOWN STACK. 
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6,3 FI^OW CHART or EFFECTIVE ADDRESS COMPUTATION 

THE ATTACHED FI.OWCHABT DESCRIBES THE EFFECTIVE ADDRESS 
COMPUTATION ALGORITHM, IT DOES MOT PURPORT TO SHOW HOW ANY 
ACTUAL COMPUTER WOULD IMPLEMENT IT, THE VARIABLES USED ARES 

VM* VIRTUAL MEMORY ADDRESS I 30»BIT REGISTER USED 

TO HOLD THE ADDRESS FOR A MEMQRf REFERENCE. 

PC PROGRAM COUNTER? |0«BITS 

BREG A WORKING REGISTER? 36»ftITS 

OP, AC, I, X REGISTERS FOR HOLDING OPCODE, AC ADDRESS, 

INDIRECT MT, INDEX ADDRESS RESPECTIVBLl, 

P#S REGISTERS FOR HOLDING B¥TE POSITION AND SIZE 

RESPECTIVELY, 

h LOCAL FLAG » IS A ONE IF THE RESULT OF THE E 

COMPUTATION IS A LOCAL ADDRESS, ZERO IF GLOSAL, 
tIT IS USED SOLiLY TO HELP DETERMINE WHETHER A 
30»BIT ADDRESS IS SPECIFYING THE HARDWARE ACS 
OR NOT,i 

D DOUBLE-WORD BYTE POINTER, IF A 1, THE BYTE 

POINTER IS A DOUBLE WORD BYTE POINTER, ELSE IT 
IS A SINGLE WORD gfTE POINTER, D IS SEt FROM 
BIT 12 OF THE BITE POINTER, 



7, GENERAL OPERATION OF INSTRUCTIONS 

ALL INSTRUCTIONS COMPUTE A 30*Bjf LOCAL OR GLOBAL EFFECTIVE 
ADDRESS AS DESCRIBED ABOVE, 

t, FOR INSTRUCTIONS WHICH REFERENCE MEMORY USING THE 
EFFECTIVE ADDRESS, THE MEMORY OPERAND WILL BE TAKEN 
FROM THE SAME SECTION AS THE INSTRUCTION IF NO INDEXING 
OR INDIRECTION IS SPECIFIED, IF INDEXING AND/OR 
INDIRECTION IS SPECIFIED, THE MEMORY OPERAND WILL BE 
TAKEN FROM THE SECTION DETERMINED BY THE EFFECTIVE 
ADDRESS CALCULATION, 

2, AS ON THE Kl,IMMiDlATE*MODE INSTRUCTIONS USE ONLY THE 
LQW»ORDER 18 BITS OF THE EFFECTIVE ADDRESS FOR THE 
OPERAND REGARDLESS OF WHETHER INDEXING AND/OR 
INDIRECTION WAS SPECIFIED, 
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3, THE EFFECTIVE ADDRESS COMPUTATION ALWAYS RESUI.TS IW A 
30-BIt ADDRESS, HOWEVER, IT MAY 8E A I»OCAL OR A GLOBAI. 
ADDRESS. AN EFFECTIVE ADDRESS COMPUTATiOK IS SAID TO 
BE LOCAi. IF THE LASf MEMORY CYCI^E SPECIFIED MO INDEXING 
OR SPECIFIED LOCil* INDEXING, SEE ATTACHED FLOW CHART 
FOR CONDITIONS UNDER WHICH THE LOCAl. ih) FLAG IS SET OR 
CLEARED, IF THE RESULTING EFFECTIVE ADDRESS IS LOCAW 
THE SECTION NUMBER IS IMPLIED BY THE SECTION NUMBER OF 
THE PC OR THE LAST EXPLICIT GliOBAL ADDRESS ENCOUNTERED 
DURING THE EFFECTIVE ADDRESS COMPUTATION, 

4, IF AN INSTRUCTION READS OR WRITES THE WORD AT ITS 
EFFECTIVE ADDRESS, THE REFERENCE WILL BE MADE TO AN AC 
IF BITS 18*3t OF THE EFFECTIVE ADDRESS ARE ANDt 

A, THE EFFECTIVE ADDRESS IS A LOCAL ADDRESS CL»1), 

Oft 

B, THE SECTION FIELD (BITS 6-17) OF THE EFFECTIVE 
ADDRESS IS OR 1 £3 J, 

THIS MEANS THAT AN ORDINARY DIRECT REFERENCE TO A LOW 
ADDRESS ce.S,, MOVE 1,33 «II*L REFERENCE THE HARDiHARE 
ACS, AS WILL A REFERENCE THROUGH AN EXTEROEO FORMAT 
INDIRECT WORD CONTAINING A GliOBAL ADDRESS IN THE RANGE 
0»17 (OCTAL), IF THE ABOVE CONDITIONS FOR AN AC 
REFERENCE ARE NOT MET, THE REFERENCE IS MADE TO MEMORY 
IN THE OESiaNATED SECTION, THIS ALLOWS REFERENCES TO 
MEMORY MCATIONS 0*17 (OCTAL) IN ANY SECTION, EXCEPT 0, 

5, ALL PC FETCHES ARE MADE AS LOCAL REFERENCES, THUS THE 
HARDWARE ACS ARE ALWAYS REFERENCED WHEN PC BlfS 
I8»3l«0, NO MATTER WHAT SECTION NUMBER IS IN THE LEFT 
HALF OF THE PC. CONCEPTUALLY THIS MEANS THAT THE ACS 
APPEAR AS THE FIRST 20 LOCATION OF EACH SECTION WHILE 
EXECUTING IN THAT SECTION. GLOBAL REFERENCES TO ANY 
SECTION (EXCEPT OR 1) WILl. REFERENCE MEMORY INSTEAD 
OF THE ACS, 

TOE EXISTENCE OP EXTENBED ADDRESSING HAS NO OTHER EFFECT ON 
MOST or THE DEFINED PDP-10 iNSTRUCflONS, E.G., MOVE, ADD, 
THOSE INSTRUCTIONS FOR WHICH THERE ARE OTHER CONSIDERATIONS ARE 
DESCRIBED BELOW. 
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8, SPECIAI..CA5E INSf RUCTIONS 

8, J PC'SfORlNG IKSTRUCflONSj PUSHJ, aSPC4J, JSR, POPJ, 

ON THE KI, AMD WHEN THE PC U IN A Kl COMPATIBM SECTION (EXEC 
SECTION AMO USER SECTION O), THESE INSTRUCTIONS STORE 13 SIfS 
OF PROCESSOR FLAGS IN THE iORO WITH TiE $8 BITS QF PC, IM 
OROER TO ACCOMMODAfg THE 30-8IT ADORESSi THESE INSTRUCTIONS 
WILL STORE A 30-BIT PC WITHOUT FLAGS WHEN THE PC IS IN A 
NON-ZERO SECTION, NEW INSTRUCTIONS (SEE BELOWJ ARE AVAILABLE 
TO PROVIDE ACCESS TO THE PROCESSOR FLAGS, WHEN THE PC IS IN A 
NOM#ZERO SECTION, POPa WILL RESTORE THE SO-SIT PC FROM THE 
STACI« WORD, THUS MACHINE INDEPENDENT SUBROUTINES CAN SE 
WRITTEN MHICH RUN ON THE KI, SECTION 0, AND NON-lERO SECTIONS, 
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8,2 Btm INSTROCflONS 153 

fO REPRESENf THE P AND S FlEtDS AND THE fUhh MEMORY ADDRESS 
REQUIRES MORE THAN U BITS Of BYTE POiNTER. THEREFORE, A SyJE 
POINTER WlJit, SE TAKEN AS A TWQ-WORO QliANf JTf IN THE FOUOWING 
FORWAf IF SIT 12 OF THE FIRST WOR0 Js A ONEi 

I Pis ni mz i avaii* to soft«are i 

fOUIXI SECTION 1 WORD i 

THE ADDRESS OF TME WORD CONTAINING THE iYTE IS COMPUTED FROM 
THE SECOND »0RD AS AN INDIRECT WORD, 

IN THE USUAl, CASE, BITS 13»35 OF THE FIRST WORD «OUlD BE AND 
THE SECOND WORD WOOI,D SPECIFY THE ENTIRE ADDRESS, INCREMENTING 
A ilTE POINTER or THIS FQRHAT WILl,, WHEN INCREMENTING THE WORD 
ADDRESS, INCREMENT THE SECOND WORD QMhY, CARRIES FROM THE RH 
OF THE SECOND WOR0 W I t,li PROPAGATE INTO THE I.H SO THAT STRINGS 
CAN CROSS SECTION BOUNDARIES, 

FOR CONVENIENCE, BIT 12 OF THE FIRST WORD MAY BE SET TO ZERO, 
IN THIS CASE THE SECOND WORD NEED NOT iE PRESENT, THE BYTE 
REFERENCE WH*l, BE TO THE SECTION SPECIFIED BY THE NORMAL 
EFFECTIVE ADDRESS, INCREMENTING A BYTE POINTER «IT« BIT 121=0, 
W I lili INCREMENT THE RH Of THE FIRST WORD AS ON THE Kl WITH NO 
CARRY DOT OF BIT 18, 
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8,3 SfACK IJJSfRUCTIONS, PUSH, PUSHJ* FOP, POPJ, ADJSP 

f HE PRESENT rORMAf OF f«E STACK POINTER (HAIiF»WORD COUNT, 
0AI.F»WORD ADDRESS) IS IflSUFriCIENT TO HOLD A rUI.li ADDRESS BUT 
IS CO«yENIEI»T WHEN THE STACK IS LOCAL AND SMALli, THEREFORE, IM 
NO»*EiRO SECTIONS THE STACK INSTRUCTIONS »ILL RECOGNIZE EITHER 
or two FORMS or STACK POIMTERl 

I» LOCAL STACK POIHTER 

IF THE LEFT HALF OF THE STACK POINTER IS NEGATIVE OR 
EEFORE INCREMENTING OR DECREMENTING, THE RIGHT HALF 
WILL iE TAKEK AS AN ADDRESS WlfHIN THE SECTION 
SPECIFIED BY THE PC, INCREMENTING AND DECREMENTING THE 
STACK POINTER WILL MODIFY BOTH HALVES OF THE POINTER AS 
ON THE KIIO, AS ON THE KI, ANY CARRY OUT OF BIT 18 IS 
SUPPRESSED, SO THAT LOCAL STACKS WILL NOT CROSS SECTION 
BOUNDARIES, 

2, GLOBAL STACK POINTER 

IP THE LEFT HALF OF THE STACK POINTER IS POSITIVE AND 
N0««0 BEFORE INCREMENTING OR OECRSHENTING, THE ENTIRE 
POINTER WILL BE TAKEN AS A lO-BIT STACK ADDRESS WITH NO 
COUNT FIELD, THE POINTER WILL BE INCREMENTED AMD 
DECREMENTED AS A SINGLE QUANTITY, STACK OVERFLOW AND 
, UNDERFLOW DETECTION IS EXPECTED TO BE PROGRAMMED BY 
SETTING A RESTRICTED ACCESS ON THE PAGES AT EITHER END 
OF THE STACK, SINCE THE ABSENCE Of A COUNT PREVENTS AM 
EXPLICIT HARDWARE CHECK, CARRIES OUT OF ilT iS ARE NOT 
SUfRESSED, THUS A STACK CAN CROSS SECTION BOUNDARIES, 
THIS FORMAT IS EXPECTED TO BE USED AS THE STANDARD IN 
EXTENDED SECTIONS, 

THUS MACHINE INDEPENDENT SUBROUTINES CAN BE WRITTEN WHICH RUN 
ON THE KI, IN SECTION AID iON^gERO SECflONS ON THE KL, ONLY 
THE CODE WHICH INITIALISES THE STACK POINTER NEEDS TO KNOW THE 
ENVIRONMENT, NOTE THAT THE ABOVE TWO FORMATS ARE THE SAME AS 
THE INDEX REGISTER FORMATS AND BEHAVE IN AN ANALOGOUS MANNER, 
WARNING! PUSHING ON A LOCAL STACK WHICH HAS PREVIOUSLY 
OVERFLOWED (I,E,, 0,,N BEFORE PUSH) WILL RESULT IN STORING IN 
SECTION I CI,i., l,,»+i). 
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EXAMPj;,ES • PUSH0O«N STACK POINTER BEfORE AND AFTER 
INSTR, STACK POINTER AC 



BEFORE 

PUSi *§,flO0 
POSH -IfflOS 
PUSH 32,, 100 



AFTER 

•S,,101 I STACK IN PC SECT, 
O,,I0# jOVERriiOW 
32,,l0l ySTACK IN SECT, 32 



EXAMPLE • SOBROPTINE ARGUMENT l^lSf MECHANISM (IFIWS) 
IN SECTIOK 22* 



MOVE 



MOVE 



t f 



p, no,, 20001 
cr»p 



XMOVEt AP,ARGl.ST 
POSHil P,iP0,,SUiRJ 

*2,,0 
ARSIrfSTt 400000,, iOOO 

400000, ,SOtPF) 



I START PUSHDOWN MSf IN 
I 3RD PAGE OF SECT, 10 
rSEf UP CURRENT STK FRAME 

I Sit .IiHs22,RH9ARaj:jlST 
iCAIiI* SUBR IN SECT, 30 

lARG COUNT 

lARG IN mC 22,, 1000 

lARG IN LOC SO IN 

f TRANSIENT STORAGE 



IN SECTION 301 



SUBRS 



PUSH 
MOVE 


P,PF 

pr,CF 


MOVE 


T,©0(AP) 


• * 
MOVE 


T,#1CAP3 


POP 
POPJ 


P,PF 



I SAVE OLD PREV STK FRAME 
f SETUP PREVIOUS STACK FRAME 

IGET OST ARG {FROM 22,,1000J 

I GET 1ST ARG tFROM 50 IN 
t CAl,l,ER«S STACK FRAMEJ 

rRESTORE PREVIOUS FRAME 
I RETURN ITO SECTION 223 
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8,4 imo (OPCODES 1-37) 

IT IS DESIRAitE tO BE ABI.E TO EXECUTE I.UUOS lU mt SECTION AND 
INVOKE COMMOM CODE, THERErORE, WHIN THE PC IS ItJ A N0«»2;£R0 
SECTION, Al*li l,UUOS SSH.L TRAP TO THE SAME PkACE til, WORD 420 
IN THE USER PROCESS TABLE (UPT3 WIIil, CONTftIS THE ADDRESS OF A 
4-WORD BliOClC FOR 1.0UO IfiFORMATIOfl, SEE CHAPTER 2,9, EXEC AND 
USER PROCESS TABLES (EPT,UPT3, THE INFORWAIION IS FORMATTED AS 
rOLLOWSl 

11 11 2 2 3 3 3 

§ 6 2 3 7 8 6 7 1 5 

^ ^ ^ '^ W W mf10-9 ^ 11^-^ft tut ^ Jj^ W- Wf-^ Wf'^ Wf ^ ^ ^ W- ^ Iff ""^'"i* •* ■'W ^ ** ^^ ■■'•' ^ •**'*''* "f" ■ 

I riAGS 1 I OPCODE i AC 1 I 

t I J OLD PC C30»»IT) i 

•J* w ^ •■ #•■ • ■^ ■■(* Wf ^ W ■• ^W W( W H^ <P 9fft Mil' 4V W^ M|k i|p (1^ {H9> -fiM <pf f(^ ajp MV^ flP Ji> (B^-'!!p.4(|B Ht- pp ■• -vp A' ■ 

2 I J EFFECTIVE ADR OF UUO J 

*^ W" ^P fl" w ^" ^f '™ ^* ^P ^P "P P^'^P 90 PP "ipfc ^ ^P 'W ^P i)ll* ^W' 'Si* ^IP i^ <PP flif 49 ■• flP' *IP ^W iW 4P HP pp 'IP Wt *• 

3 i I NEW PC ClO-BIf) I 

HENCE, EXECUTION OF AN LWOO WILL CAUSE THE PROCESSOR PC AND 
FLACS fO BE STORED, THE OPCODE, AC, AND EFFECTIVE ADDRESS OF 
THE LUUO TO BE STORED, AND THE PROCESSOR TO BEGl» OPERATION AT 
THE LOCATION SPECIFIED BY THE "«Ew PC» THE PROCESSOR FLAGS ^ILL 
NOT BE CHANGED, IN SECTION THE LOUO MECHANISM WILL WORK AS 
ON THE KI AND SO WILL INVOKE A SEPARATE LWO HANDLER WHICH MOST 
BE IN SECTION 0, 

WARNING? THE USE OF LOOOS BI ONE PROGRAMMER WIJ,L PROBABl^Y 

PREVENT HIM FROM INTERFACING WITH OTHER CODE WHICH ALSO OSES 

LUOOS, UNLESS THERE IS PRIOR AGREEMENT BETWEEN THE TWO 
PROGRAMMERS, 

THBS LUOOS SHOULD BE USED FOR SELF»C0NTAINED APPLICATIONS ONL¥, 
THEREFORE THE USE OF LUUOS WILL NOT BE ALLOWED UNDER THE DEC 
PROCEDURE CALLING STANDARD, FURTHERMORE, IF ROUTINES INITIATED 
BH SOFTWARE INTERRUPTS ALSO USE LUUOS, THCy MUST BE CAREFUL TO 
SAVE AND RESTORE WORDS 0-2 OF THE LUUO BLOCK, THIS WARNING 
WILL APPEAR IN THE HARDWARE REFERENCE MANUAL* 

IN EIEC MODE AN LUUO IN A NON»ZERO SECTION WILL DO AM MUUO, 
MONITORS 00 NOT T¥PlCALL3r USE LUUOSt 
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8,5 MUUO COPCODES 0# 40»77, Al,L UNDEFINED OPCODES) 

EXECUflON OF AN iUUO WIIiL CAUSE THE UUO WFORMATION fO 8E 
SfOREO IH A 4-WORD SMCK BEeWMJIK; Af LOCAflON 424 OF THE UPT, 

1111 2 2 13 3 

S 6 2 3 7 8 §701 5 

424 I FWas 10 i OPCODE i AC l { 

425 i S QiiD PC I 
42i i t EFFEGftVE ADR OF WO I 
427 { PROCESS GONTEXf WORD I 

f ME MEW PC WORD MILL BE SELECTED FROM A BLOCK OF $ WORDS Af 
UPtt430 ACCORDING TO THE CONTEXT IN WHICH THE MOUO WAS EXECUTED 
aOST AS OK THE KIIO, THE NEW PC WORD W I LI. SE TAKEN AS A IO»BIT 
GLOBAL ADDRESS WITH NO FLAGS, THE HAftDWARE/MICROCODE WILL 
COMPOfE THE PROPER SETTINGS OF PCU AND PCP C*PRE¥I0US CONTEXT 
USER" AND "PREVIOUS CONTEXT PUBLIC "J* AND WILL CLEAR THE REST 
OF THE PROCESSOR FLAGS, 

IN ORDER TO FACILITATE USE OF AC OPERANDS WITH LUUOS AND MUUOS, 
THE FOLLOWING RULES GOVERN THE EFFECTIVE ADDRESS WORD STORED IN 
THE OUO BLOCK 13 J I 

1, IF Bits 18»3l OF THE EFFECTIVE ADDRESS OF THE UUO ARE 
ZERO AND A LOCAL ADDRESS BUT BITS 6«i7 ARE NON-ZERO, 
STORE 1 IN THE SECTION FIELD OF WORD 2, AND STORE BITS 
18-35 IN THE RH OF WORD 2» THIS CONVERTS THE HARDWARE 
AC ADDRESS TO THE SECTION-INDEPENDENT FORM, 

2, OTHERWISE, STORE THE FULL 30-BIT EFFECTIVE ADDRESS IN 
WORD 2 , 

THIS IS THE SAME SET OF RULES AS GOVERNS XMOVEI, 
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8,6 BI.T 

fHE PRESEMf rORMAf OF Bfcf OpERAflOS IS IKSUfFlClENt TO SPECIFY 
THREE row. ADDRESSES, THEREFORE A NEW ISSTROCflON, XBif, WIfcl, 
BE SPECIFIED (SEE BEl^OW), HO«EViR# TME EXISTING BI,f 
INSTRWCTION IS USEFUi FOR IMfRA^SECTlOU DATA MOVES, AMD IS 
SPECIFIED TO WORK AS FO WOWS I 

1, THE SOURCE ADDRESS IS TAKEN TO BE THE LEFf HALF OF THE 
CONTENTS or AC IN THE SAME SECTION AS THE EFFECTIVE 
ADDRESS (WHICH CAN SPECIFY ANY SECflOS), 

2, THE DESTIHATION ADDRESS IS TAKEN TO BE THE RIGHT HAI^F 
or THE CONTENTS OF AC IN THE SAME SECTION AS THE 
EFFECTIVE ADDRESS (WHICH CAN SPECiri ANY SECTION), 

3, DATA IS MOVED UNTIl« THE DESTINATION ADDRESS IS EQWAl, TO 
THE EFFECTIVE ADDRESS, CARRIES OUT OF BIT I« ARE 
SUPPRESSED, SO THAT THE BliT STAYS IN THE SAME SECTION 
BY WRAPPING AROIIN0, 

HENCE THE FORMAT OP THE AC OPERAND OF BfcT IS NOT CHANGED FROM 
THE KIIO IMPLEMENTATION, THE SOURCE AND DESTINATION SECTIONS 
ARE AfciAYS THE SAME AS SPECiriEDSYE WHICH CAN BE DIFFERENT 
FROM THE PC, REFERENCES BY BliT fO ADDRESSES IN WHICH I8*H ARE 
Wlhh ALWAYS BE AG REFERENCES, 



8,7 EXTEND»STRING OPERATIONS 

THE EXTEND INSTRUCTION IS DOCUMENTED IN CHAPTER 2,10, THE 

EXTEND INSTRUCTION, TO SUPPORT EXTENDED ADDRESSING, A b-WORD 

BLOCK WlLli BE USED IN ALL SECTIONS CONSISTING OF TWO 3*AC 
BLOCKS AS FOLLOWS! 

^^ ^p- ^p-^^ ^9 ^^ ^p ^^ ^p ^^^^M'^^^n ^^ ^ff ^1^ ^^- Wp ^Ip"^^ ^li^ upp flP flP "IPf 99^ flip (P* 9Kt^ WK^^fK Wf' •* 

AC+0 I COUNT i 

+1 J BYTE PTR FIRST PART I 
t2 I 2iO WORD IF EXTENDED PfR 1 

^* ^w ^P ^ff ^p ^^ ^B 1^ mm WK- ^P* "ip ^P ^W •W' IB' •• 4p W|fr ™P ^(pt ^W* ^F ■'^ ^^ itR 'dH fllff lilt' 'PP ^i^ ■'iP '•' 

♦3 I COUNT i 

♦4 I BYTE PTR FIRST PART I 
tS I 2N0 WORD IF EXTENDED PTR I 

BYTE POINTERS ARE IN THE ONE* OR TWO»WORD FORMAT DESCRIBED 
ABOVE. IF BIT 12 OF THE POINTER IN AC-^I CAC+4) IS 0» AC+2 
(AC+5J IS IGNORED, 
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8.8 AQBJN 

THE fWO HAtiF'WORD FORMAT OF fHE AQSaN POINTER IS UNSUfFICIENf 
10 SPECIFX A GIiOBAI* ADDRESS, HOWEVER, THE FORWAT MAY BE OSED 
FOR IMDEXIWG AS DESCftliEO ABOVE 0ECAUSE THE I.EFT HAt»F IS 
m^MhhUt NEGATIVE, IT IS THEREFORE WSEFUt FOR SCAMMING LOCAI* 
TABiES (WITHIN THE SAME SECTION) AMD «IW» »E RETAlMED WITHOUT 
MODIFICATION, FOR SCASHING TABI^ES IN AN ARBITRARY SECTION, THE 
PROGRAMMER Wli^L TYPICALliY USE AK IHPEX CONTAININS A GLOBAI* 
ADDRESS AND, IF NlCESSARYi A SECOND WORD FOR THE COUNT, AND 
WItL WOT EMPl^Oy AOBa» IM THIS CASE, 

8.9 aSA, JRA 

THESE INSTRUCTIONS USE A FORMAT WHICH DOES NOT ALl^OW THE 
STORING OR SPECIFICATION OF A Gl^OiAli ADDRESS, SINCE THEY ARE 
AliSO CONSIDERED AN OBSOliETE AND UNRECOMmBNOED METHOD FOR 
SUBROUTINE CAfclilNG, THEY WILL WORK THE SAME AS ON THE KI, NOTE 
THAT IHEY WIW WORK IN NON-ZERO SECTIONS, BUT WII^li BE USEFUL 
ONliY FOR INTRA-SECTION CAl*l'Sf SINCE Onhl AN J8-BIT PC IS STORED 



i.to ii.Ki, Bhm 

THESE INSTRUCTIONS USE A POINTER FORMAT WHICH DOES NOT AI^I.O» 
THE SPECIFICATION OF A GWBAIi ADDRESS, THEY AliSO APPEAR TO 
HAVE NO WKBI«Y USE ON 2a»SERIES MACHINES, FOR DIAGNOSTIC 
COMPATABII^ITY HOWEVER, THE KI< 10 Wll^i* SUPPORT THESE INSTRUCTIONS 
BY DEFINING THAT THE POINTER ADDRESS ALWAYS REFERS TO THE PC 
SECTION, SEE SECTION 9 FOR BLK I IN PI LOCATION, 
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8,U XCT 

THE DEFAUl»T SECTION FOR THE OBJECT INSTRUCTION ^HAW. BE THE 
SECTION OF THE EfrBCT I VE ADDRESS OF THE XCT, SEE ATTACHED 
FLOWCHART, HOWEVER PC STORING INSTRUCTIONS MII.I, STORE THE PC 
SECTION, RATHER THAN THE SECTION SPECIFIED »¥ THE EFFECTIVE 
ADDRESS OF THE XCT, THIS «AI»TAINS COMPATIBILITY WITH THE KI 
(WHICH STORES TIE PC + l) CSJ, LOCAL STACK POINTERS »ll,k ALSO 
ASSUME THE PC SECTION, RATHER THAN THE SECTION SPECIFIED »Y THE 
EFFECTIVE ADDRESS OF THE XCf tlOJ, NOTE THAT THE HARDWARE 
PIRFORMS ALL INSTRUCTIONS WITHOUT ANY SPECIAL CHECK FOR BEING 
EXECUTED UNDER XCf OR NOT, 



EXAMPLE OF XCT OF CODE IN ANOTHER SECTION I 
IN SECTION 22! 

XCT fClOMlODOJ 
LOCATION 1000 IN SECTION 30 S 

MOVE T,2O00 

WILL LOAD T WITH CONTENTS OF LOCATION 20eO IN SECTION 
30, NOT SECTION 22, 

EXAMPLE • STACK AND PC SfORlMG UNDER XCT 
IN SECTION 22, LOCATION 100? 

XCT fPO»» 10001 
LOCATION 1000 IN SECTION 10 I 

PUSHJ P,SUiR 

TRANSFER TO SWBROUTIMg SUiR IN SECTION 30, NOT 22, IF 

C(P) IS LOCAL, STACK IS ASSUWED to BE IN SECTION 22, 

NOT 30, THE PC STORED ON STACK IS 22,,l0l, NOT 
30,, 1001, 
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9, PI HAMDLING 

INITIATION or A PI CYCIjE Wit,!, CAUSE THE EXECWflOI^ OF AM 
INSTRUCTION IN THE EPT AS IS NOW DONE ON THE KliO, FOR 
EXTENDED ADDRESSING SUPPORT, THE RECOMMeMDlD INSTRUCTION IS 
SRFP (SAVE THEN RESTORE ri,AaS AND PROaRAM""C0«NTlR) DEFINED 
BEliOW, THIS INSTRUCTION SAVES THE CURRENTriiAGS AND 30-BIT PC 
AND ESTAll^lSaeS NEW FtiAaS AND PC, THE INTERRUPT IS DISMISSED 
B% EXECUTION OF ANOTHER NEW INSTRUCTION, RFPD, (RESTORE FI<A^S 
AND PR0GRAM»CO0NTER) WHICH RESTORES THE GliOBAIi PC AND FMOS, 

WHEN AN INSTRUCTION IS BEING EXECUTED AS A PI INSTRUCTION, THE 
DEFAUi.T SECTION FOR COMPUTING THE EFFECTIVE ADDRESS IS TAKEN TO 
BE EXEC SECTION 0, RATHER THAN THE ACTOAI. PC SECTION, 
THEREFORE IF A BWl, BLKO, OR JSR IS EXECUTED AS A PI 
INSTRUCTION, IT WIfclb «ORK AS ON THE KIIO FDR PROGRAMS CB,G.# 
DIAGNOSTICS) NOT USING EXTENDED ADDRESSING, 



10, NEW INSTRUCTIONS 

THE FOI,1,OWING NES^ INSTRUCTIONS ARE REOUIRED TO PROPERI.Y HANDl^E 
EXTENDED ADDRESSING, 

10,1 XMOVEI • MOVE EXTENDED ADDRESS COPCOOB « SETMI CfJ) 

THIS INSTRUCTION MOVES ITS ENTIRE EFFECTIVE ADDRESS INTO THE 
OESIGKATED AC, IT IS G£NgRAI,I,y USED TO FIND THE EFFECTIVE 
ADDRESS OF A POINTER CHAIN AND MAKE If AVAIMBlbE FOR INDEXING, 
IT IB THE ONlit "IMMEDIATE MODE" INSTRUCTION WHICH HAS AN 
OPERAND WHICH IS GREATER THAN 18 iltS, BITS 0-5 ARE MMkXS 
ZERO, IF THE EFFiCTIVE ADDRESS SPECIFIES A HARDWARE AC# THE 
ErFECflVE ADDRESS WH.I. BE CONVERTED TO THE SECTION-INDEPENDENT 
FORM, IE,, i,»AC, THUS THE RESULT OF AN XMOVEI CAN BE STORED 
OR MOVED TO ANOTHER SECTION AND STIW MEAN THE SAME ADDRESS, 
f«IS IS ANALOGOUS TO THE EFFECTIVE ADDRESS STORED BX MUUOS AND 
LUUOS, NOTE THAT IF THIS INSTRUCTION IS EXECUTED WITHOUT 
INDEXING OR INDIRECTION, E,G*, XMOVEI 1,20, IT WI LI* MOVE THE 
CURRENT SECTION INTO THE LEFT HALF OF THE DESIGNATED AC (E MUST 
BE 20 OR GREATER), XMOVEI ON A KI WILL WORK CORRFCTLy (SINCE 
OPCODE IS SETMI), SO THAT THE SAME SUBROUTINES WILL RUN ON THE 
Kl AND KL, MOVXA IS ALSO USED TO TEST FOR Kl COMPATIBLE 
SECTION (SEE SECTION 11,1), 
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10,2 mhf • EXTENDED 0I.OCK TRANgFER (EXTENO OPCOOE 020) 

XBLT IS A MEMBER OF THE EXTENDED INSTRUCTION SET, USED UNDER 
EXTEN0ED ADDRESSING, XBliT TRAPS AS AN MUUO IN SECTION 0, BUT 
OTHERWISE MOVES DATA FROM ANX VIRTUAIi ADDRESS TO AN¥ OTHER, 
THE NUMBER or WORDS TRANSFERRED IS SPECIFIEO BY ACf THE ADDRESS 
or THE SOURCE BLOCK IS GIVEN 8lf AC + J, AND THE ADDRESS OF THE 
DESTINATION BI*OCK IS IN ACta, BOTH ADDRESSES ARE Al,WASfS 
GI,0»Ali, 

IF AC IS POSITIVE, THE BLOCK ADDRESSES IK AC+i AMD AC*2 ARE THE 
LOWEST ADORESSSS OF EACH iLOCK, AND IDENTIFY THE WORDS WHICH 
ARE TRANSFERRED FIRST IN TIME, THE TRANSFER PROCEEDS BX 
INCREMENTING , THE ADDRESSES IN AC4t AND AC+2 AFTER EACH 
TRANSFER, AND DECREMENTING AC UNTIL IT REACHES 2ER0, 



IF AC IS NEGATIVE, THE BLOCK ADDRESSES IN AC+l AND AC*2 ARE 
GREATER, BX I, THAN THE HIGHEST ADDRESSES OF BACH BLOCK, THE 
TRANSFER PROCEEDS B¥ DECREMENTING THE ADDRESSES IN AC+1 AND 
AC*2 BEFORE EACH TRANSFER, AND INCREMENTiilG AC OiTXl, IT REACHES 
ZERO , 

SINCE XBLT IS INTERRUPTABLE, RESULTS ARE INDETERMINi^TE IF AC# 
AC+I» OR AC+2 IS IN EITHER SOURCE OR DESTINATION BLOCK. 
OTHERWISE THE EFFECT OF BLT ON ACtg IS EQUIVALENT TO J 

ADD AC+1#AC 
ADD AC+2, AC 
SET2M AC 
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10,3 XJRSTF - RESfOEE FI.AGS AND PROaRAM-COUNTER CJRST 5,> 

mis INSTRUCTION RESTORES THE ri,AGS AND PC OOUifeE^WQRD FROM E 
MO E+I , fHE DQW&IiE-WORD FORMAT I Si 

13 17 18 3S 

^J*'fl^ ^* Wf ^P W^ Iw wHW' wK ^rpp WK ■ip* wp ^w ^^^|||i SH fll^'Ht DP ^p >(P- flift 4ift ^ppi fl|K'ipp'|!|i|F Wt <l^ "•* 

1 FMGS i I IGNORED I 

1 i 1 30 BIT PC J 

FLAas AND PC DOUBti*WORD 

THIS FORMAT IS WSED BY l,0UOS, MOUOS, AND ADDITIONAL 
INSTRUCTIONS DEFINED SELOW, NOTE THAT, UMI^IKE aRSTF, NO 
INDIRECTION IS NEEDED, BITS 13-17 MOST BE ZERO, BECAUSE THAf 
ARE RESERVED FOR FUTURE HARDWARE. BOTH «ORDS ARE FETCHED 
BEFORE THE Fhkm TAKE EFFECT, WRSTF HALTS IN KI EXEC MODE, 
TRAPS IN Kl USER MODE, WORKS IK hhh Kh MODES AND SECTIONS, 
XaRSTF WILL BE IN FUTURE MACHINES WHICH HAVE EXTENDED 
ADDRESSING, 

EXAMPLE • CPU INDEPENDENT FLAG CODE 

?GET SECTION NO, 

I SAVE FOR TEST 

I RESTORE ALL ACS 

?INCLOOING 17 

; IS THIS KL EXT , SECT , ? 

INO, RESTORE FLAGS AND PC 

ftES, RESTORE FLAGS AND PC 

NOTE THAT THE ABOVE CODS WORKS ON ALL CPUS, INCLUDING PDP-i, 
KA, KI, KL SECTiOS Of AND KL EXTENDED SECTIONS, 



XMOVl 


T,20 


HLL2M 


T,SECTNO 


MOVSI 


17,ACSLK 


ILT 


17,17 


SKIPN 


SECTNO 


aRSTF 


^FLGPC 


XJRSTF 


FLGPC 
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10,4 XJEN •RESTORE FLAGS AKO PROGRAM*COUNTER AND DISMISS tJRSf 

tMlS PRIVILEGED INSTRUCflOH PERFORMS ALti fHE FUMCTIOHS Of 
XiiRSTF AND IN ADDITION DISMISSES fHE CURRENf PI JuEVEL, If IS 
INTENDED fO BE USED IN PliACE OF aBN fE UNDER EXfEKDED 
ADDRESSINa, 

XJEN BAlifS IM KI EXEC MODE, TRAPS IN KI USER MODE, WORKS IN 
EXEC KI COMPAfliLE SECTION, TRAPS IN USER KI COMPATIBLE SECTION 
(EXCEPT USER lOf MODE), AND TRAPS IN USER EXTENDED SECTIONS 
(EXCEPT USER lOT MODE). XaEM MAY NOT iE PRESENT IN FUTURE 
MACHINES, 



tO.S XPCW 
1,) 



SAVE THEN RESTORE FLAGS AND PROGRAM-COUNTER (aRST 



THIS PRIflLESED INSTROCTIOM IS INTENDEOfO BE OSED IN INTERRUPT 
LOCATIONS, If RErERlNCES A 4-WORO BLOCK Af IfS EFFECflfE 
ADDRESS FORMATTED AS FOLLOWS? 




1 
2 

3 



3S 

•^ «* i*w ■> IP « 11* «««*.«.•««.«> III. i« .«» IB 9 «,.« p> a»^. a, 9^ IB •»><«« <|) 

I OLD FLAGS! J 

J i OLD PC (30»BITS) I 

4'«iiW9a*w«PWaii«K99iB.«^iaaKtli».9^mi,l,i^.aiiiii^i;ii..a,^.^^^iip^ 

J NEW FLAGS I i 

10 I NEW PC (30*81TS) I 



THE CURRENT FLAGS AND PC ARE STORED IN THE FIRST DOUiLEWRO, 
AND MEW FLAGS AND PC ARE ESTABLISHED FROM THE SECOND 
DOUBLEWORD, DISMISSING AN INTERRUPT INITIATED WITH XPCW WOULD 
TiPICALLY BE DONE WITH XJRSTF ADDRESSING THE SAME BLOCK, NOTE 
THAT THE 4*W0RD BLOCK MUST iE IN SECTION Oi SINCE THE DEFAULT 
SECTION IS FOR INSTRUCTIONS EXECUTED IN AN INTERRUPT 
LOCATION, XPCW HALTS IN KI EXEC MODE, TRAPS IN KI USER MODE, 
WORKS IN EXEC KI COMPATIBLE SECTION, TRAPS 1» USER Kl 
C0MPATI8LE SECTION (EXCEPT USER IQT MODE), WORKS JN EXTENDED 
EXEC SECTIONS, AND TRAPS IN EXTENDED USER SSCTIOHS (EXCEPT USER 
lOT MODE), XPCW MAY NOT BE IK FUTURE MACHINES, 
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I0g6 XSFM » SAVE FLAGS JN MEMORY CJRST J4,) 

THIS IMSTRUCflON SAVES THE FLAGS IN BUS 0-12 OF E IN THE SAME 
FORMAT AS THE FLAGS IN THE FLAGS AND PC DOUBLE «ORD, THE 
INSTRUCTION WORKS IN EXEC AND USER MODE, XSFM HALTS IN KI EXEC 
MODEf TRAPS IN KI USER MODE, WORKS IN EXEC KI COMPATIBLE 
SECTION, TRAPS IN USER KI COMPATIBLE SECTION (EXCEPT USER lOT 
MODE), AND WORKS IN EXEC AND USER EXTENDED SECTIONS, XSfM WILL 
BE IN FUTURE MACHINES WHICH HAVE EXTENDED ADDRESSING, 

THE 6 ARITHMETIC FLAGS? OVERFLOW (0)> CARRY (1), CARRY I 
(2), FLOATING OVERFLOW (3), FLOATING UNDERFLOW (11), AND NO 
DIVIDE (12), WILL BE PRESERVED IN FUTURE MACHINES, THE 
REMAINING FLAGSl FIRST PART DONE (4), USER CS3, USER IN^OUT 
C6), PUBLIC (7), ADDRESS FAILURE INHIBIT (8), TRAP 2 (9), TRAP 
1 (10) ARE CPU DEPENDENT AND MAY BE CHANGED OR DISAPPEAR IN 
FUTURE MACHINES, 

EXAMPLE • CPU INDEPENDENT FLAG TEST CODE 



MOVEM 


T,SAVSAC 


XMOVBI 


T,20 


TLNN 


T,.l 


asp 


T,,t2 


XSFM 


T 



HERE WITH FLAGS IN LH OF T 



I SAVE AC 

J GET SECTION f, OR LH 
lis THIS KL EXTENDED SECT? 
INO, -6, KA, KI, KL SECT 
lYES, SAVE FLAGS IN T 
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U, COMPATIBILITY SU»MAR¥ 

THE FOLLOWING TABLE SHOWS HOW BACH OF THE NEW FEATURES MORKS IN 
EXEC AND USER MODE ON THE O, IN T«E K| COMPATIBLE SECTION AND 
IN EXTENDED ADDRESSING SECTIONS. THE CRITERIA FOR 
COMPATIBIHTY ARE AS FOLLOWS IN DECREASING iMPORTANCEl 

1, USER CODE WHICH RUNS ON THE KI MUST RUN IN THE M, 
COMPATIBLE SECTION, INCLUDING SAVED CORE IMAGES, (TRAP 
ON BIT 12 or 8YTE POINTERS DOES NOT VIOLATE THIS, IF 
MONITOR CONTINUES PROGRAM,), 

2, IT SHOULD BE EAS¥ AND NATURAL TO WRITE SUBROUTINES 
FOLLOWING A STANDARD WHICH CAN RUN ON RtS, IN THE 
COMPATIBLE KI SECTION AND IN EXTENDED SECTIONS, THE 
LOADER CAN TAKE CARE OF ANX DIFFERENCES, SO THAT A 
SINGLE REL FILE WORKS FOR ALL TIRBE CASES, 

3« CODE IN USER KI COMPATIBLE SECTION CAN USE NEW 
INSTRUCTIONS EXCEPT THOSE ADDED SOLELt FOR EXTENDED 
ADRESSING, HOWEVER CODE CANNOT REFERENCE OR TRANSFER 
TO OTHER SECTIONS, EXCEPT THROUGH MONITOR CALLS, 



FEATURE 




KI 

EXEC 


KI 

USER 


KL 

EXEC 

SECTsO 


KL- 

USER 

SECT^O 


KL 

■EXEC 
SECT>0 


KL 

•USER 
SECT>0 


INDEXING 




KI 


KI 


KI 


KI 


NEW 


NEW 


INDIRECTION 




KI 


KI 


KI 


KI 


NEW 


NEW 


HARDWARE ACS 




KI 


KI 


KI 


KI 


NEW 


NEW 


PUSH, PUSHa, ETC 
(GLOBAL IF L8 


KI 
OF AC 


KI 
GREATER 


KI 
THAN 0) 


KI 


XES 


IfES 


LUOO 

(EXTENDED PC J 


KI 


KI 


KI 


KI 


MUUO 


YES 


BLT 




KI 


KI 


KI 


KI 


¥ES 


IfES 



(REFERENCE SECTION SPECIFIED B¥E?) 
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FEATURE KI KI 

EXEC USER 


EXEC 
SECT^O 


KL 
USER 

SECTsO 


KL 

EXEC 

SECf>0 


KL 

USER 

SECT>0 


2*W0RD B¥TE POINTER 

IGNORED IGNORED 
(USE 2ND WORD IF filT 12 * 1?) 


IGNORED 


IGNORED 


YES 


YES 


EXTEND^STRING TRAP TRAP 
t REFERENCE OTHER SECTIONS?) 


NO 


NO 


YES 


YES 


AOBJN KI KI 
(fA§l*ES IN CURRENT SECTION?) 


KI 


KI 


YES 


YES- 


as A, aRA KI KI 
(J8 BIT PC ONM) 


KI 


KI 


YES 


YES. 


ai.KI,BLKO KI KI 
(CURREMT PC SECTION) 


KI 


KI 


YES 


YES 


5£CT KI KI KI 
CDEFAOtT SECTION FROM E OF XCT?) 


KI 


YES 


YES 


XMOVBI (l»H) 








SECTION 


• SECTION. 


X8W TRAP TRAP 

C REFERENCE ANY SECTION?) 


TRAP 


TRAP 


YES 


YES 


XaRSTF HALT TRAP 
(TRANSFER TO AMI SECTION?) 


YES 


YES 


YES 


YES 


Mm HAhT TRAP 
(TRANSFER TO ANY SECTION?) 


YES 


TRAP 


YES 


TRAP 


XPCW HALT TRAP 
(TRANSFER TO ANf SECTION?) 


YES 


TRAP 


YES 


TRAP 


XSFM Uhht TRAP 
CRIAO FLAGS?) 


YES 


TRAP 


YES 


YES 


aRSTF YES YES 
(TRANSFER CONfROL?) 


YES 


YES 


TRAP 


TRAP 


PC SETTING NO NO 


ONLY 


ONLY 


YES 


YES 



(TRANSFER TO ANY SECTION INCLUDING 0?) 
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U.l TESTING FOR KI C0MPATI8I*E SECTION 

THE CODE TO DiSTINGmSH KI C0MPATISI,E SECTION (AND KI MACHINE) 
r^OM KU EXTENDED SECTIONS ISI 

XMOVEI T,20 ?6ET CWRRENT SECTION NUMaER 

fliNN T, 777777 iNON.gERO SECTION? 
HERE IF KI COMPATIlIiE SECTION OR KI,KA, OH POF»i 
HERE IF KI^ EXTENDED SECTION 



12, Ol,D INSTRUCTIONS 

12,1 aRSTF-aUMP AND RESTORE FWaS 

IN M0N-2ER0 SECTIONS, JRSTF Ulhh QtVE AN II,I,EGAl, INSTRUCTION 
TRAP. THIS IS BECAUSE JRSTF IS USUAliI^y USED WITH AN INDIRECT 
WORD «HICH CONTAINS PC ri»ASS IN THE I,EFT Wkhf , THESE FliAGS 
MIGHT MISTAKENLf APPEAR TO SE AN EFIW (IF BIT 0*0), 



12,2 sJRST XfE 

THE ACriEW OF JRST IS BEING «SED TO ENCODE NEW OPCODES WHICH 
DO NOT NEED AN AC FliiD, UNUSED BIT COMSIMAflONS «II,I, TRAP, 
THE FOl^iOMlNG AC BIT COMBINATIONS ARE DEFINBDl 

AC OPCODE AC OPCODE 

INT, . 






a»ST 


10 


JUMP AMD RESTORE 


t 


PORTAl, 


U 


II^I^EGAl. 


2 


aRSTF 


12 


JEN 


3 


IliI^EGAL 


13 


II«I«EGAI^ 


4 


HAM 


14 


XSFM 


5 


X JRSTF 


15 


IIiIiEGAIi 


6 


XJEN 


16 


ILLEGAI. 


7 


XPG« 


1? 


thhEQhh 



THE lEl :0PC00gS WIRE SEI^ECfEO- BECAUSE THE¥ HAVE THE. ^HA^«T SIT O^N 
AND SO ARC I.EAST himhX TO 8E 0SED IN EXISTING EXEC AND USER 
CODE, 
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13, SPECIAL COKSIDERAflON FOR ACS 

THE ABOVE SPECIFICATIOM STATES THAT THE HARDWARE ACS APPEAR AS 
THE FIRST 20 LOCATION OF AMY SECTlOiSi RBFERENCEO WITH A IiOCAt» 
EfrcCTIVE ADDRESS, INSTRUCTION FETCHES SPECIFIED BY THE PC ARE 
AiWAIS liOCAI^i EVEH IF A TRANSFER INSTRUCTIOS aUMPEO TO A aLOSAl, 
ADDRESS, 

EXAMPI.E • aUMPIMG TO SHADOU ACS tl4J 

aRST #[30^21 

JUMPS TO SECTION 30 LOCATIOI* 2, HOWEfER, THE PC FETCH 
WIl,l4 COMl FROM AC 2 (SINCE PC FETCH IS AMAfS MCAl»), 
THIS SHOUI,0 NOT BE A PROBI»EM, SINCE TftE LOADER WIl.1* 
LOAD CODE STARTING AT 20 IN EACH SECTION, RATHER THAN 
0, 

EXAMPLE - aSR TO SHADOW ACS 

aSR #l30f,21 

STORES THE PC IN MEMORY IN 30, r 2 AMD CHANGES THE PC TO 
30 #,3, THE NEXT INSTRUCTION IS FETCHED FROM AC 3 # NOT 
MEMORY, THIS SHOULD NOT BE A PROBLEM SINCE THE LOADER 
«ILL LOAD CODE STARTING AT 20 IN EACH SECTION, RATHER 
THAR 0, 

EXAMPLE • XCTING SHADOW ACS 

XCT il30,,2a 

WILL EXECUTE THE INSTRUCTION IN MEMORY AT 30, #2, MOT AC 
2, THIS IS DESIRABLE SINCE TABLES OF INSTRUCTIONS ARE 
EXECUIED AND THIS "DATA* SHOULD BE ABLE TO IE ANYWHERE 
IN MEMORY, JUST LIKE AKY OTHER KIND OF DATA» H0«E¥ER, 

AM INTERPRETER RUNNING IN A SEPARATE SECTION MUST CHECK 
FOR THE PC GETTING INTO THE ACS, THIS IS EASILY DONE 
WITH XMOVII, 
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EXAMPIjE • SUBROOTINE CALWNG FROM ACS 



2/ 


PusHa 


PrSUBR 


3/ 


EXP 


ARGliJST 


4/ 


mTmu 





mum MOT WORK CORRiCTl*¥# IF THE rOl,i.OWl!«G STRAIGHT 
FORWAR0 CODE WAS PERFORME0I 

SOBRI MOVE AP,$CP3 iFEfCM MEMORY 20ff3 

WiLESS SUSR PICKEP UP THE WORD FOtiliOWlNG THE PUSHai 

SOBRr XMOVEJ AP,i(P) IGET ADDRESS Of,3 TO AP 

MOVE APfOUP) fGET ARGl*ISt FROM AC 3 

HOUEVER TMIS IS A RARiliir USED CAI*l.ING TECHNIQUE AND 
CAItXiS TO SUBROUTINES ARE NOT USUALLY MADE FROM TKE ACS. 



14, TRAPPING FOR DYNAMIC I.IMKING 

THE MONIfOR Mlhh ASSIGN SECTION NUMBERS TO A USER PRQCESS AS 
THEY ARE MEEDID, INSTEAD OF HAVIHG THEM mthT INTO USER 
PROGRAMS OR ASSIGNED BY THE I.OADER, THEN THE SYSTEM CAN HANDIiE 
mm CODE AND DATA THAN CAN FIT IN A SINGI^E USER PROCESSf EVEN 
THOUGH NO SINGLE USER CAN USE AWi OF IT, THE MONITOR WOUliD NOT 
ATTEMPT fO UNALLOCATE A SECTION NUMBER ONCE IT HAS BEEN 
ASSIGNED, DEC Willi. NOfHA?E TO MAINTAIN A REGISTER CFOR DEC 
AND ITS CUSTOMERS) OF SECTION NUMBERS ASSIGNMENTS, WE KILL NOT 
NEEO TO RESOLVE DUPLICATE ASSIGNMENTS, ETC. lU ORDER TO DO 
THIS, THE MONITOR WILL NEVER ASSIGN SECTION 7777, THUS A NOT 
ASSIGNED TRAP INVOLVING SECTION 7777 WILL BE IWfERPRETED BY THE 
MONITOR AS A REQUEST TO ASSIGN A SECTION NUMBER, THE RE OF THE 
»ORD WILL POINT TO ANY INFORMATION NEEDED, INCLUDING THE PROPER 
RH, EXTENDID FORMAT INDIRECT WORDS WITH SECflON 7777 WILL BE 
KEPT IN A PER-PROCESS COPY-ON^WRIfE PAGE, 
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APPENDIX 

fHE FOl^IiOWlNG DESIGN DECISION EXPLANAf IONS ARE iNCIiODEO HERE SO 
fHAf WE WIW* NOT FORGEf THE REASONING WHICH LED TO THE 
DECISIONS, EACH POINT IS DEFINED Bf A QUESTION IN THE FORM OF 
AN ALTERNATE PROPOSAL, THEN THE PROS AND CONS Of THE 
ALTERNATIVE ARE INDICATED B¥ THE LABELED PARAGRAPHS, THE LAST 
PARAGRAPH IS A BRIEF DESCRIPTION OF WHAT IS IN THE 
SPEClflCATIOK, 

1, WHY NOT HAVE EXEC AND USER ADDRESS SPACE BE A SINGLE 
ADDRESS SPACE BY USING THE HIGH ORDER BIT OF THE SECTION FIELD 
TO INDICATE WHICH? 

PRO? SIMPLIFIES THE HARDWARE SINCE ONLY ONE MAP IS NEEDED 
PER PROCESS INSTEAD OF TWO, ALSO MAY SIMPLIFY THE 
METHOD THE MONITOR USES TO REFERENCE THE CALLER CPXCT), 
THE AC FIELD BITS OF PXCT WOULD ONLY BE USED TO 
INDICATE WHETHER TO USE CURRENT ACS OR PREViaUS ACS AND 
WHETHER TO GUARANTEE THAT THE USER BIT IS ON IN THE 
SECTION NUMBER OR NOT, ALSO RECURSIVE MONITOR CALLS 
COULD PASS USER ADDRESSES SINCE USEE BIT IS IN ADDRESS 
(EACH LEVEL WOULD HA«B TO VERlFf THAT USER BIT WAS ON 
m DOING A PXCTJ), 

CONi IT IS NOT CLEAR THAT IT SIMPLIFIES THE HARDWARE 
SUFriCIENTLY 10 PUT IT IN THE KL, IT MAY GO IN A 
FUTURE MACHINE, 

SPEC? THE ADDRESS SPACES ARE SEPARATE AS ON THE KI, THE AC 
BITS ALSO CONTROL EFFECTIVE ADDRESS AND DATA ACCESSES, 
SEE PXCT SPEC FOR MONITOR USE, 

2, WHY NOT SUPPRESS CARRIES OUT OF BIT 18 IN INSTRUCTIONS (AND 

IFIWSJ? 

PROI INSTRUCTIONS (AND IPIWS) WORK CONSISTENTLY NO MATTER 
WHAT IS IN THE INDEX REGISTgR* 

CONS CAN'T CROSS A SECTION BOUNDARY, 

SPEC I THE SPEC SAYS THAT WHENEVER GLOBAL INDEXING IS 
INVOLVED* SECTION BOUNDARIES ARE NOT OBSERVED. TRUE IN 
INSTRUCTIONS, IFIWS, AND EFIWS, 
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3, WHY NOT EiblMIMATE THE Ai.TERNATE, SECTION»IWEPENDENT FORM 
OF AC ADDRESS, I, E,, VMAC6»3l3sO? 

PRO; THEN l^HsO NOT COHFygED WITH SECTION 0, Al,SO CAN 
RIFERENCE SHADOW ACS !» SECTION JUST X^IKE ANX OTHER 
SECTION, IN l,H IS USED FOR 3 THINGS, WHICH ARE MOT 
NiCESSARH,lf INDEPENDENTI 

A, SECTION (IN EFIWS) 

B, IiOCAL INDEXING (IN I*H OF XR) 

C, HARDWARE ACS CIM griWS IF BITS 18*3180), 

CONS SOrTSlARE NEEDS A SECTION INDEPENDENT WAI OF ADDRESSING 
THE ACS, THEN AN ADDRESS CAN SE PASSED, A SUBRQllllNE 
CAN COP¥, OR A UUO CAN STORE AN ADDRESS AND HAVE IT 
STII*!. REFER TO THE PROPER WCATION, ALSO AN EFIW CAN 
SPiCiry AIili POSSIBl*E I^OCATIONS INCt*UOiNG THE ACS, 

SPECS THE SPEC HAS TWO FORMS OF ADDRESSING THE ACS? 

A, I^OCAL ADDRESS liESS THAN 20 

B, GI^OBAI, ADDRESS tESS THAN 20, 

4, WHY NOT KEEP asp AND aSR THE SA«E AS ON THE M? l,E,, 
STORE FIjAGS and ll-'lIT PC, 

PRO; DON'T NEED TO FIND A NEW «A¥ TO GET PC FLAGS, JSP A«0 
aSR AREN'T OSEO VERY MUCH FOR SUBROUTINES, 

CONS WOULDN'T BE ABLE TO USE TO GO TO ANOTHER SECTION SINCE 
Onht 18-BlT PC, WOULDN'T BE ABLE TO PUT SETUP ROUTINES 
FOR CALLING STANDARD IN A SEPARATE SECTION, CODE VERY 
SELDOM DOES ANYTHINa »ITH THE FLAGS, NO SPECIAL 
HARDWARE IS NEEDED TO MAKE JSP AND aSR WORK WITH GLOBAL 
PC, 

SPEC! JSP AND JSR STORE A GLOBAL PC IF LH OP PC IS NON-ZERO, 
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5, WHY MOf MAKE IhOB AID WPB WORK "CORRBCfLY" WITH iYTE 
POINTERS WHICH HAVE AM INWRECT BIT OH? I.E., IMCREMEKT IiASf 
»0R0 FOtfMp IN INDlRECf CHAIN, INSTEAD OF BYTE POINTER ITSEI,F, 

PRO; THEM A BYTE POIMTER COULD BE USED TO SPECIFY BYTE DATA 
W A DIFFERENT SECTION, WOOfcD NOT «EED TO INVENT THE 
DOUil^E WORD SYTE POINTER FORMAT, THEN EXTEND WOUIiD 
ONl,Y NEED 4 ACS, 

CON? MANlf SU8R0UTIKES WANT TO MAKE A COPY OF A BYTE POINTER 
FOR EFriCIEKGY, INSTEAD OF REFERENCING INDIRECTfrY 
THROUGH AN ARGUMENT l»I5T, If W0UI.0 BE HARD FOR THE 
CAIil^ER TO STORE BACK THE UPDATED P AND S FIEI^DS IN THE 
BYTE POINfER AND THE ADDRESS IN fHE LAST INoIRECf WORD. 

SPECt IK NON-ZERO SECTION, SPEC HAS ONE AND; TWO WORD BYTE 
POINTERS DEPENDING ON BIT 12, 

6, MHY NOT HAVE LUOOS TRAP TO CURRENT SECTION 40 AND 41? 

PROt FORMAT FOR 40 AND 41 IN EACH SECTION WOULD BE THE SAME 
AS ON KI, ALSO TWO PIECES OF SOfT»*ARE WHICH USE LOUOS 
COULD CO«EXISf IN THE SAME PROCESS, PROVIDED THEY WERE 
LOADED INTO DIFFERENT SECTIONS, 

CONS HAVING »WIRED»IN« ADDRESSES IN HARDWARE IS A BAD IDEA 
AND RESTRICTS SOFTWARE, ALSO A SINGLE PROCESS-WIDE 
LUUO HANDLIR WOULD BE MORE DIFFICULT, 

SPECS IN N0N-2ER0 SECTIONS, LUUO INFORMATION IS STORED IN A 
BLOCK or 4 WORDS SPECIFIED BY THE CONTENTS OF A MORO IN 
THE UPf, THE GLOBAL PC AND GLOBAL EFFECTIVE ADDRESS IS 
STORED ALONG WITH THE FLAGS AND OPCODE, 

7, WHY NOT TRAP aSA AND aRA IN NON-ZERO SECf IONS? 

PROS USER MAY BE MAKING A MISTAKE C If iFFCCTIVE ADDRESS IS 
IN A DIFFBRINT SECTION) SINCE ONLY 18-BIT PC CAN BE 
STORED, 

CONf EVEN THOUGH aSA AND JRA ARE RARELY USED, LEAVE FOR USE 
IN INTRA-SECTION CALLS SINCE COSTS NO EXTRA HARDWARE, 

SPECS aSA AND JRA CONTINUE TO STORE ONLY AN 18-Blf PC, 
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8, WHY CAN'T INSTRUCf IONS EXgCOfEO BY XCT WORK AS If THE 
INSXBOCTION HAD BEEN COPIED TO THE WCATION OF THE XCT? 

PBOS SIMPLE RUJuE, IT IS A NATURAli EXTENSION OF Itl SPEC% 

CONf IF A SUBROUTINE IS EXECUTING A TABI.E IN ANOTHER 
SECTION, SOME ENfRIES WOUIiD WANT TO HAVE I.OCAL 
REFERiNCiS REFER TO THE tOCAL SECTION INSTEAD Of THE PC 
SECTION, AtSO IT WOUl,0 BE HARD TO «RIT1 AN INTERPRETER 
WHICH RUNS IK A DIFFERENT SECTION, 

SPECI COMPROMISESI PC IS STORED AS LOCATION OF XCT+ I TO BE 
COMPAflBM WITH KI, I.OCAI, STACK COMES FROM PC SECTION 
BECAUSE IT PROBAlliir IS WHAT A DISPATCHER WANTS, AIiSO 
IT IS EASIER IN HARDWARE. EFFECflVE ADDRESS OF OBJECT 
ISSTRUCflON STARTS AT SECTION OF OBJECf INSTRUCTION 
CKOT SECTION OF XCT), IF CODE PERFORMNG XCT WISHES TO 
START EFFECTIVE ADDRESS IN PC SECTION, IT CAN FIRST 
PICKUP THE INSTRUCTiON INTO AC AND THEN DO XCf AC. 

9, Wm MOT USE A NEW OPCODE FOR XMOVEI, INSTEAD OF SiTMI? 

PRO; WOULD NOT PERTURB THE SYMMETRT OF THE BOOLEAN SET, 

CON I COULD NOT WRITE CODE WHICH RUNS ON KI ALSO. 
FURfHERMORE, SETHI IS USED VERl INFREQUENT LX. 

SPECI MOVXA (SBTMI) MOVES THE SECTION NUMBER OF THE EFFECTIVE 
ADDRESS TO THE LH or THE AC, AS WELL AS THE LOW ORDER 
PART fO THE RH, 

10, WHY ISN'T DEFAULT SECTION OF AN INSTRUCTION EXECUTED UNDER 
XCT ALWAYS THE SECTION WHERE THE INSTRUCTION IS? 

PRO! THEN THERE WOULD BE A CONSISTENT RULE FOR THE 
PROGRAMMER FOR THE 4 CASES IN WHICH DEFAULT SECTIONS 
ARE USED! (U PC STORING IN5TRUCI10NS, (2) LOCAL STACK 
POlNTBRSf AND (3) LOCAL EFFECTIVE ADDRESS. 

CONI IT IS MORE IMPORTANT TO DO WHAT IS MOST USEFUL FOR 
SOFTWARE, EViN IF IT IS INCONSISTENT. (THOREAO WOULD 
BE PROUD). PC STORING WOULD BE INCOMPATIBLE WITH K|, 
WHICH STORES XCTtl, LOCAL STACKS PROBABLY WANT TO BE 
IN XCT SECTION, ALSO EASIER IN HARDWARE, SINCE STACK 
INSTRUCTIONS WORK THE SAME WHETHER UNDER XCT Oft NOT, 
EFFECTIVE ADDRESS OP OBaSCT INSfROCTION DOES START IN 
SECTION WHERE THE INSTRUCTiaN IS, 

SPEC! PC STORED IS XCl4l, LOCAL STACK POINTER ASSUMES PC 
SECTION, AND EFFECTIVE ADDRESS STARTS IN SECTION WHERE 
INSTRUCIOH IS, 
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U, WHI JJOf HAVE aUST ONE FORM Of INDIRECT WORD? 
PROI SIMPMR IN HARDWARE AND SOFTWARE, 
CON I NEED BOTH FORMS f 

THE INSfRWCTION rORMAT INDIRECT WORD IS NEEOEDl 

A. SOFTWARE NEEDS SIT IN AROUMENT l,I5TS FOR 
ARGUMENT TYPE INFORMATION, 

B. NEED TO BE ABl,E TO HAVE ARGUMENT I^ISTS WHICH 
Wll^t. WORK ON KI, KlCOMPATIBI^e SECTION AMD IN 
EXTENDED SECTIONS, WHIl,E IT WOOiD SE PO&SlBi,E 
FOR THE tlNKER TO CONVERT FROM ONE FORMAT TO 
ANOTHER, IT SEE«S A PR01I.EM, 

THE EXTENDBO FORMAT INOlRiCT WORD |S NEEDED TO 
REFERENCE LARGE ARRAYS, THE EQUIVALENT CODE IS} 

MOVE BrIEFlW SECTION, TABLEJ 
ADD B,l 
FMP T1,C83 

INSTEAD OF I 

FMP Tl,f lEFIW SECTION, TAiLEi I)] 

WHERE I CONTAINS THE INDEX INTO THE ARRAY, THIS 
RSSULfS IN 3 MEMORY CYCi.ES INSTEAD OF S AND TAKES 2 
WORDS INSTEAD OF 4, (ACTUALLY SINCE THE LITERALS IN 
BOTH EXAMPLES WOULD BE POOLED, THE ACTUAL COMPARISON IS 
it WORDS COMPARED TO 3*. 

SPECt HAS BOTH IFIWS AND EFIWS, 



4080,2040,2060 ENGIHEERINa FUNCTIONAL SPEC - CHAP 2,2 PAGE 42 
COMPANY CONriOBKriAl, - USER INTERFACE TO EXTESOEO AODRESSING 

12, WHX NOT HAVE A LOCAI, FORM OF INDEXING IN EXTENDED FORMAT 
iNDIRECf WORDS, II,, IF LH IS NEGATIVE OR 0, ADO OHhX m OF XR 
WITH SIGN EXTEMDEDt 

THE RIGHT HAliF OF FLOM CHART WOWliD BECOMEl 

IF WCXR} > Q, XR * VMA<6S3S> »> VMA<68 35> 
E{*SE XRCSIGW EXTENDED> t VMA<6S35> «> VMA<§i35> 

INSTEAD OF jtJST I 

XR ♦ V.MA<§f35>,-«>. VMA<6t35> 

PRO? THIS WOULD AIiMif* AOBaN TO BE USED FOR SMAl,L ARRAYS IN 
OTHER SECTIONS, AS SHOWN 8Ei*0W I 

MOVSI I r •LENGTH 
LQOPI ADD T,§IEFIW SECTION, TABLECI) J 

AOiJN I, LOOP 

COij LARGE ARRAYS (GREATER THAW A SECTION) COULD NOT iE 
REFERENCED NBGAflVILY, 

SPECS BITS 6*3S OF INDEX REGISTER AND EFIW ARE TREATED THE 

SAME WAY AS BITS i8*3S OF INDEX REGISTER AND INDIRECT 
WORDS IN THE KI, 

13, WHY NOT HAVE A LOCAL FORM OP INDEXING IN EXTENDED FORMAT 

INDIRECT WORDS, IE,, IF LH OF XR IS NEGATIVE OR 0, ADD ONLY RH 

or XR WITH NO SIGN EXTENSION, THIS OUESTION IS LIKE QUESTION 
12 EXCEPT NO SIGN EXTENSION, 

THE RIGHT HALF OF FLOW CHART WOULD iECOMEi 

IF LHCXR) > 0, XR<0l35> 4- V«A<t«35> «> VMA<§J3S> 
ELSE XR ♦ VMA »> VMA<lll35> 

PROl THEN INDEX REGISfERS WOULD WORK THE SAME IN ALL FORMATS 
OF INSTRUCTIONS AND iNOIREeT WORDS. EITHER LOCAL OR 
GLOBAL INDEXING COULD BK SPECIFIED ANYWHERE INDEXING IS 
DONE, 

CON I If WOULD VIOLATE THE OBJECTIVE OF IGNORING SECTION 
iOUMDARieS IN EFIWS, WiEN THE INpEX WAS SMALL, 
SECONDLY IT WOULD PREVENT LARGE ARRAYS (GREATER THAN A 
SECTION) FROM BEING REFERENCED NEGATIVELY (SEE 12 
ABOVE), 

SPECt INDEXING IN EFIWS JUST DOES A 30»Mf ADD TO 30-BIT 

EFIW, 
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t4» WHf NOf fRAP IF A 0SER ATTEMPTS TO aUMP INTO THE ACS WITH 
TiJE SECTION NUMBER NON^ZERO? 

PROI THE ANOMAliIES IN SECTION 13 OF THIS SPECIFICATION WOUIiD 
NOT HAVE TO BE EXPliAlNlD IN THE «ANUAI,r UNDERSTOOD BT 
THE PROGRAMMER, hhSO FUTURE MACHINES «OUI.O NOT BE 
CONSTRAINED TO IMPLEMENT ACS IN THIS S«Ay, 

CONS IT IS USEFUI,, EVEN THOUGH NO FASTER, TO BE ABX*E TO PUT 
CODE IN THE ACS TO MAKE A LOOP WHICH IS DEPENDENT ON 
DATA, THEN THE PROGRAM DOES NOT NEED TO STORE THE LOOP 
IN TRANSIENT STORAGE ON THE STACK AND aWMP TO IT, 

SPEC I ALLOWS JUMPING TO THE ACS, THE U^ER MUST iE AWARE THAT 
THE ACS ARE A LITTLE "DIFFERENT" FROM MEMORY, SEE 
SECTION 13, 

IS, mt NOT MAKE CODE IN BITS 0-1 FOR IFIW BE 00, INSTEAD OF 

PRO$ MORI COMPATIBLE MITH EXISTING SUBROUTINE ARGUMENT LIST 
IN WHICH BITS 0»8 ARE ZERO, 

CON; THEN THE SENSE OF THE SIGN BIT MOULD BE THE OPPOSITE OF 
ITS SENSE IN XRS, IE,, I IF LOCAL, IF GLOBAL, THIS 
MEANS THAT AN INDEX REGISTER QUANTITY COULD NOT BE 
INOIRECTED THROUGH AND VICE VERSA, 

SPECl THE SPECIFICATION CALLS FOR BITS 0»1 TO BE 10 IN iriWS, 
EXISTING CODE WILL NOT BE RUNNING NON^ZgRO SECTIONS 
WITHOUT SOME CHANGES ANYWAY, 

l^, WHY NOT HAVE A SPECIAL EXECUTE INSTRUCTION INDICATE THAT 
THE EFFECTIVE ADDRESS COMPUTATION IS TO BI PERFORMED WITH LARGE 
ADDRESSES (PROPOSAL #1 • EXCT)? 

PROS THEN EXISTING KI CODE COULD BE PATCHED TO TAKE 
ADVANTAGE OF EXTENDED ADDRESSING, 

CON? TOO MUCH OVERHEAD, AN EXTRA WORD OF SPACE AND AN EXTRA 
MEMORi CtCLE IS REQUIRED FOR EACH EXTENDED REFERENCE, 

SPEC I USE EXTeNDED ADDRESSING WHEN NOT IN SECTION 0, 
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17, mt NOT EXTEND THE INDEX REGISTERS TO THE LEFT OF BIT 
AND PROVIDE HARDWARE EXTENSION REGISTERS (PROPOSAL #3)? 

PROJ ALL INSTRUCTIONS WORE WITH EXTENDED ADDRESSING IN AN 
OBVIOUS WASr, 



• 



CONS ADDS EXTRA CONTEXT TO A PROCESS AND A SUBROUTINE, 
MAWB ERROR PRONE, SINCE INDEXING COULD HAVE SIDE 
EFFECTS, TOO RADICAL A CHANGE TO THE '10 ARCHITECTURE, 
WHERE ACS ARE aVST LIKE «E«ORX, 

SPEC J THE PROGRAMMER PUTS THE SECTIOM NUMBER IN THE LEFT HALF 
OF THE INDEX REGISTER, 

18, W»¥ NOT HAVE DOUBLE WORD INDIRECT WORDS, IF BIT 12*1 

(PROPOSAL #3)? 

PROt THIN HT 12 IS CHECKED THE SAME IN INDIRECT WORDS AS IN 
BXTE POINTERS, IN A FUTURE MACHINE, BITS 0*11 OF AN 
INDIRSCf WORD COULD MEAN P AND S, THEN INDIRECTION IS 
aUST A SPECIAL CASE OF BYTE OPERATION AND VICE VERSA, 

CONi AN EXTRA WORD OF SPACE AND TIME WOULD BE REQUIRED FOR 
EACH INDIRECT REFERENCE, SOFTWARE NEEDS SOME ilTS FOR 
ARGUMENT TYPE IN ARGUMENT LIST, 

SPEC; THE SECTION NUMiER APPEARS IN THE SAME WORD, THE 
INDIRECT WORD WITH BITS 0-1*11 IS RESERVED FOR THE 
FUTURE, 

19. WHY NOT MAKE A SECTION I OF IN AN EFIW MEAN LOCAL 

REFERENCE, INSTEAD OF SECTION 0? 

PROl THEN INDEX AND INDIRECT FORMATS ARE EVEN MORE 
COMPATIBLE, 

CONS DON'T NEED IT, SINCE CAN ALWAYS USE IFIW WHEN LOCAL 
ADDRESSING IS WANTED* ALSO IT WOULD MAKE IT IMPOSSIBLE 
FOR SPECIAL CODE LIKE DU6UGGER, MONITOR, OR 
COMPATIBILITY PACKAGE TO REFERENCE SECTION 0, THE KI 
COMPATIBILITY SECTION WOULD HAVE TO BE MOVED TO ANOTHER 
SECTION, 

SPEC* A IN AN EFIW EXPLICITLY MEANS SECTION 0, 
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20, mt NOT IMPLEMENT A TRUE DOMAIM ARCHITECTURE? 

pro; more RELIABI^E SOrTMARE, SINCE HARDWARE WOULD PROVIDE 
PROTECTION, 

COKJ ME DON'T UNDERSTAND IT COMPLETELY YET, HOWEVER, WE 
SHOULD STUDY IT »EFORE NEXT MACHINE^ IT WILL REQUIRE 
MORE BfPORT THAN EXTENDED ADDRESSING HAS, SEg «AM 
EXPERIMENTAL KERNAL/DOMAIN ARCHiTECTURl", Bf M, SPIER» 
T, HASTINGS, AND D» CUtLER# ACM OPERATING SYSTEM 
REVIEW, VOL 7 f 4, OCT 1973, 

SPEC J THE PROTECTION FOR INTER-SECTlOW REFEREnCIS IS THE SAME 
AS FOR INTRA*SECTI0N REFERENCES, 
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ABSTRACT 

WHEN THE MONITOR IS CABLED VIA A TRAP, THE ADDRESSING SPACE OF 
THE CAtLER IS 0S«AI*I,Y DIFFERENT FROM THAT OF THE MONITOR, THE 
PREVIOUS-CONTEXT EXECUTE CPXCT) INSTRUCTION PROVIDES A 
MECHANISM FOR THE MONITOR TO RIFERENCE THE CAl*tING ADDRESS 
SPACE, INCI.U01NG HARDWARE ACS, ON THE Kt.10, PXCT IS RESTRICTED 
fO USE IN EXEC MODE, THEREFORE, THE XCT OPCODE IS USED, AS ON 
THE Kl, HOWEVER, It HAS BEEN ENHANCED TO WORK WITH EXTBNDEO 
ADDRESSING, AI.SO THE USE OF PREVIOUS ACS HAS BEEN GCNERAI^IZEO 
OVER THE RI, 



1080,2040,2060 EBOINEERING FUNCflONAL SPEC - CHAP 2,3 PAGE 2 
COMPANY CONFIDENTIAL - MONltOR CAIiIiiNG CMyUOffXCT) BEV 2 



REVISION HISTORY 

REV DESCRIPTION C«G MO ORIG DATE APP0 BY OATE 

Q ORIGINAI. WITH C5tX,SXCf 13 MAR 74 

1 PXCT MEMO • CSWX,SXCf REMOVED It FEB 75 

2 UPDATE FROM 26 FEB REVIEW 10 MAR 75 

3 IMPliEMENTATION DEfAIliS, 

CI*ARiriCATION 3 FEi 76 



0, COHfENTS 

J, INTROOUCTlOfI 
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3, PXCT SPECIFICATIOK 

4, MONITOR WU0S CMirUOS) 

5, APPJ^ICABIjE and «0«»APPliICABliE INSTRUCTIONS WDER PXCf 

6, SPECIAL*CA5E INSTRUCftOWS 

7, PROGRAMMING EXAMPLES 

APPENDIX « EXPLAIIATIONS OF REaECfED ALTERWATIVES 
LOOSE Eum 

1, IKTRO0UCTION 

WHEN THE MONITOR IS CALliED VIA MUUO TRAP (IMCl#«PlNa JSYS), THE 
ADDRESS SPACE OF THE CALLER IS USOALLl DIFFERENT FROM THAT Of 
THE MONITOR, IN ADDITION, ON THE KLIO THE EXEC AND USER 
ADDRESS SPACES HAVE EAC« BEEN EXT&SDID TO PERMIT 32 2S6K 
SEPARATE ADDRESS SPACES CAfcfeED SECTIONS, THE PREVIOUS-CONTEXT 
EXECUTE CPXCT) INSTRUCTION PROVIDES A PROTECTED MECHANISM FOR 
THE MONITOR TO REFERENCE THE CALLING CONTEXT NO MATTER WHICH OF 
THE 64 EXEC OR USER SECTIONS IS CALLING THE MONITOR, FUTURE 
MACHINES MAI EJtTEND THE NUMBER OF SECTION FROM 64 TO 8192, FOR 
A COMPI,ETE DESCRIPTION OF fcXTENDED ADDRESSING SEE CHAP 2.2, 
USER INfERFACE to EXTENDED ADDRESSING, 

THIS PROPOSAL IS INTENDED TO REPLACE ALL PREVIOUS DOCUMENTS ON 
PXCT AND MUUOS, THE REASONS FOR SOME Of THE DESIGN DECISIONS 
ARE FLAGGED WITH NUMBERS IN BRACKETS AND ARE EXPLAINED IN THE 
APPENDIX, 
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2, SACKGROWNP AND MOTIVATION 

AN EXECUfE INSTRUCTION WITH NON-0 AC FIE1,0 EXICUfEP IN EXEC 
MODE ON THE KIIO HAS GENERAfcLy BEEN KNOWN AS "MAPPED EXECUTE" 
OR "EXECUTE PAGED", IT IS NOW UNDERSTOOD THAT THIS FUNCTION IS 
MORE ACCURATEI^y DESCRIBED AS -PREVIOUS CONTEXT EXECUTE*, I,E., 
IT EXECUTES AN INSTRUCTION WHILE FORCING SELECTED SEMORy 
RiFERSNCES TO HAVE THE SA«E EFFECT AS THgy WOULD HAVE HAD IF 
DONE ly THE PROGRAM WHICH CALLED THE CURKENT ROUTINE, ON THE 
KLIO THE CURRENT ROUTINE WILL BE RESTRICTED TO EXEC MODE tU, 
AS ON THE K I, THE AC FIELD OF THE XCT INSTRUCTION WILL BE 
INTERPRETED SPECIALLy IN EXEC MODE ONLy (NOT USER OR USER-IOT 
MODE), FOR CLARITY, THE MNEMONIC PXCf WILL M USED WHENEVER 
THE AC FIELD IS NQN*ZERO, 

FOR EXAMPLE, IF A 0SER»MOOE PROGRAM PERFORMS A MONITOR CALL 
CMUUQ) THEN THE "PREVIOUS" CONTEXT IS THE USER ADDRESS SPACE 
AND USER AC'S, IF THIS MONITOR ROUTINE ITSELF PERFORMS A 
MONITOR CALL, THE PREVIOUS CONTEXT WILL BE THE MONITOR ADDRESS 
SPACE AND THE AC'S IN USE BY THAT ROUTINE* AND THE CURRENT 
CONTEXT WILL ALSO IE THE MONITOR ADDRESS SPACE, BUT WITH A 
(POfENTlALLy) OIFrERENT SET OF AC'S. THE MULTIPLE AC BLQCIC 
FEATURE or THE KL IS USED 50 THAT BOTH THE CWRENT AND PREVIOUS 
ACS ARE IMPLEMENTED IN HAROWARE, 

THE EXTENDED ADDRESSING or THE KLlO PROVIDES 32 25&K USER 
VIRTUAL ADDRESS SPACES* CALLED SECTIONS. mm CPU HAS 32 EXEC 
VIRTUAL SECTIONS, THE INSTRUCTION REPERTOIRE AND EFFECTIVE 
ADDRESS CAI.CULATION IN EXEC AND USER SECTION IS LIKE THE Kl. 
SECTION IS CALLED THE "KI COMPATIBLE SECTION", THE 
INSTRUCTION REPETOIRE AND EFFEGTIVE ADDRESS CALCULATION IN IXgC' 
AND USER NON^igERO SECTIONS HAS BEEN EXTENDED, IN ADDITION TO 
ITS PREVIOUSLY STATED FUNCTIONS, PXCT ALSO PROVIDES A MEANS TO 
FORCE THE BFrECTIVE ADDRESS COMPUTATION AMD /OR OPERAND 
REFERENCES TO USE THE PREVIOUS CONTEXT SECTION, THAT IS, THE 
SECTION IN WHICH THE CALLING PROGRAM WAS RUNNING, THUS PXCT 
PROVIDES A MEANS FOR PASSING ARGUMENTS AND DATA TO AND FROM THE 
MONITOR, ONCE AN EFFECTIVE ADDRESS COMPUTATION ENTERS CEXEC Or 1 
Umm SECTION 0, IT CAN NEVER LEAVE, WHETHER UNDER PXCT OR NOT, ^ 
THUS, IN ORDER TO SUPPORT EXTENDED ADDRESSING, THE PART OF THE 
MONITOR CTHE JSYS OR UUQ LEVEL) WHICH USES PXCT MUST BE MOVED 
TO A N0N«2ERO SECTION, 

NOTE THAT IT IS NOT INTENDED FOR PXCT TO BE USED BY THE MONITOR 
FOR UNSOLICITED RiFERENCES TO THE USER PROGRAM, INSTEAD, SUCH 
REFiRENCES WOULD BE TyPICALLY DONE BY THE MONITOR MAPPING THE 
PAGE TEMPORARILY INTO ITS ADDRESS SPACE, 
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3, PXCT SPECtriCATION 

JN EXEC MODE THE AC flEW Or PXCT (SAME OPCODE AS XCT) IS USED 

TO sPEciry WHICH or tHE nmom references semerated b¥ the 

OBJECf INStRUCTION ARE fO USE THE PREVIOUS CONTEXT AND WHICH 
ARE TO USE THE CURRENT CONTEXT, THE AC OPERAND OF THE OBJECT 
INSTRWCfTOH AWAfS USES THE CURRENT AC'S AS SPECIFIED BY §ITS 
9»12 or THE OBaSCT INSTRUCTION f ONl,¥ THOSE AC AND MEMORI 
REFERENCES aESERATED DURING THE EFFECTIVE ADDRESS COMPUTATION 
AND THE DATA READ/WRITE RErERENCSS ARE CONTROLliAiLE BY THESE 
BITS, 

3,1 PXCT, AC FlEliD ENCODING 

THE ENCODING SHAI^l, BE AS rOLLOWSl WHERE A I IN THE SPECIFIED 
BIT POSITION CAUSES REFERENCES OF THE STATED T¥PE TO BE DONE IN 
THE PREVIOUS CONTEXT, AND A CAUSES THEM TO BE DONE IN THE 
CURRENT CONTEXT, 

8f (El) EFFECTIVE ADDRESS COMPUTATION, E, OF THE OBJECT 
INSTRUCTION, 

BlOCDl) MEMORf OPERAND REFERENCES, BOTH FETCH AND 
STORE, SPECIFIED B¥ E, THiRirOREs SOURCE FOR 
PUSH? DESTINATION FOR POP, AND Bl.Tj SOURCE 
BYTE DATA FETCH IN EXTEND? DESTINATION WORD 
DATA STORE IN EXfENt3«BLT, 

811 CE2) EFFECTIVE ADDRESS COMPUTATION OF BYTE POINTER? 
EFFECTIVE ADDRESS COMPUTATION SPECIFIED BY 
DESTINATION BYTE POINTER IN EXTEND, 

Bt2CD2) BYTE DATA FETCH OR STORE? STACK WORD IN PUSH, 
POP? SOURCE DATA IN BLT? DESTINATION BYTE 
DATA FETCH/STORE W EXTEND? SOURCE WORD DATA 
FETCH IN EXTENO-BW, 

THE EFFECTIVE ADDRESS COMPUTATION MAY INVOl»VE ARBITRARY 
INDEXING AND/OR INDIRECTION WHICH FOLWW THE RUhEB FOR EXTENDED 
ADDRESSING, I,E,» ?MA<«»17> IS TESTED AT EVERX STEP TO SEE 
WMETiER TO USE KI STYIiE (SECTION 0) OR EXTENDED ADDRESSING, 

IF BIT 9*1, MEANING COMPUTE ePrECTIVE ADDRESS IN CAl,MR«S 
CONTEXT, THE SECTIOII NUMBER OF THE CAl,I,ER IS COPIED INTO 
VMA<6»17> BEFORE THE EFFECTIVE ADDRESS OF THE OBJICT 
INSTRUCTION IS COMPUTED, THE SECTION NUMBER OF THE CAI^LER IS 
KEPT IN A &-BIT REGISTER CAMiED PREVIOUS CONTEXT SECTION, PCS, 
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f ME EFFECT OF EACH BIT CAN &E SEEM IN THE FOLLOWING PICTURE FOR 
THE TYPICAL INSTRUCTION! 

89 BIO 

El Di ; 

>^m'K9''»^»'On^i f^ummnm-mfmrn'm'^ ^.■•riM«ii<irw<l>.4^ 

iPXCT 0— »«>nSST 0—'»*»>tDATA J 

FOR A BYTE INSTRUCTION! 

BS BIO ill 112 

El 01 E2 02 

iPXCT ©••->IINST 0*—»>iPfR 0»»— >iOAfA J 

■f.mmmmfmmm'f .. ^*«»««i»«<»4> 4«D4»iv:«piapf»^ .4,4i>»aiw.ai,^ 
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3,1.1 PXCT AC Bir COMBISATIONS 

NOT Alii or THE l§ POSSIBLE Bif COMBINATIONS ARE aSEfUt* IF THE 
EFFECTIVE ADDRESS COMPUTATION 6|T C8IT 9 OR U ) SPECiriES 
PREVIOUS CONTEXT, IT ONb? MAKES SENSE FOR THE CORRESPONOING 
DATA ACCESS BIT TO BE PREVIOUS AliSO (BIT 10 OR 12). THE 
HARDWARE IS FREE TO 00 WHAT IS EASIEST FOR THE "NOT APPI^ICASIig" 
CASES SINCE T«E SOFTWARE WlI^I* NOT USE THEM, FURTHERMORE, UNTII» 
CUSTOMERS START WRITING THEIR OWN OPERATING SYSTEMS IN LARGE 
NUMBERS, THERE IS NO NEED FOR THE HARDWARE TO TRAP THE "NOT 
APPLICABLE" CASES, THE FOLLOWING TAiLE SHOWS THE LEGAL 
COMBINATIONS? 



INST, El Dl E2 02 WHAf'S IN PREVIOUS CONTEXT 

MOVE ALL CURRENT CONTEXT 

I E CURRENT, DATA PREV 

110 E PREV, DATA PRE V 

BITE ALL CURRENT CONTEXT 

I B¥TE DATA PREV 

1 I EC DATA) AND DATA PREV 

I 1 I CCE), Et DATA), DATA PREV 

11 1 I EfCCE), EtDATA), DATA PREV 

»I»T ALL CURRENT CONTEXT 

I SOURCE PREV. 

1 DEST, PREV 

I 1 SOURCE PREV, DEST. PREV 

STACK ALL CURRENT 

1 STACK PREV 

1 C(E) PREV 

1 I CCE) AND STACK PREV 
110 E> CCE) PREV 

1 1 1 E, CCE) AND STACK PREV 

EXTEND ALL CURRENT 

I DEST, DATA PREV 

1 I DEST E, DEST DATA PREV 
10 SOURCE DATA PREV, 

I 1 SOURCE DATA PREV, DEST DATA PREV 

1 1 SOURCE E AND DATA PREV 

i 1 1 SOURCE 1 AND DATA PREV, DiST £ AND DATA 

PREV 

XBLT ALL CURRENT 

1 SOURCE DATA PREV 

10 DEST. DATA PREV 

Oil SOURCE AND DEST DATA PREV 
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3,2 HARDWARE AC B1,0CKS 

THE r0l»L0«IN6 CHAUGE FROM fHE KI I« SPICIFIBO FOR khh OROIMAR¥ 
IlfSf RUCTIONS! 

1, THE 2-BIT QUAOTITI OEFIUSD AS "USER FASf MEMORY fiMCK» 
OR THl KI$0 IS REHAMED "PREVIOUS*COMfEXf AC" IPAC3 ANO 
IS USED Onht DURING PXCf AS DESCRIBED &ELOM, II IS 
INCREASED to 3 BIfS IN GROER fO PROVIDE 8 AC fiiOCKS, 

2, fME NEW 3-8IT REGISTER IS DEFINED AS fHE 
"CURRBNT'COHfEXT AC Bl«OCK« tCAC3, AND SHAW, DESlGNAtE 
fHE AC Bmm TO IE USED FOR AIil, AC RBFEREHCES WHEfHER 
THE PROCESSOR IS IN USER OR EXEC MODE, 

HOTEt FUTURE MACHINES WIlil, NOT NECESSARIi,Y HAVE MORE THAN ONE 
SET OF HARDWARE ACS, HOWEVER fHEY Mlt^I, IMPI^EMENf THE 
FUNCTlONAfcWy or COMPUTING THE EFFECflVE ADDRESS, INCI^UDING 
IUDBXING AND INDIRECTION, USING^ AC VALUES THAT ARE DIFFERENT 
FROM THE HONJTDRS SECAUSE THE! ARE THE CAl,I,ER»S AC VAl,UES» 

FOR AC REFERENCES UNDER PXCf, THE F0l,i,0ilNG APPliIESi 

1, THE AC REFERENCE CS) FOR THE AC OPERAND CIF A«¥3 Of THE 
OBJECT INSTRUCTION (BITS 9-12 OF OBJECT INSTRUCTION) 
AWA3fS USE THE AC'S IN THE "CURRENT AC BWCK«, AS 
SPECIFIED B¥ THE CAC RISISTER. 

2, OTHER AC REFERENCES, MEANING REFERENCES FOR INDEXING 
DURING AN EFFECTIVE ADDRESS COMPUTAf ION AND AliI, OTHER 
AODHBSSES WITH BITS l8-3r • GENERATED* DURING THE 
EFFECTIVE ADDRESS COMPUTATION OR DURING THE EXECUTION 
OF THE OBJECT INSTRUCTION, ARE CONTROfcliED By ONE OF THE 
BITS OF THE AC FIEI.0 OF THE PXCT INSTRUCTION AS DEFINED 
ABOVE, WHEN THE CONTROL BIT IS A I (INDICATING 
PREVIOUS CONTEXT REFERENCE), THE REFERENCE Mlhh USE THE 
AC(S) IN THE AC BJ.OCK SPECIFIED By THE 
"PRIVIOUS-CONTEXT AC 8l*0C«» (PAC), WHEN THE CONTROI, 
BIT IS A 0, THE REFERENCE WiLk USE THE AC(S) IN THE. AC 
BfcOCK SPECIFIED By THE "CURRENT-CONTEXT AC BLOCK" 
(CAC), 

NOTE THAT, UNLIKE THE KIIO, AC RErERSNCES UNDER PXCT ARE NOT 
AFFECTED AT ALL BI PCU, THE5f ALWAfS USE THE PREVIOUS OR CURRENT 
AC BLOCK AS DIRECTED BX THE CONTBOL 8IfS OF PXCT. THE AC STACK 
NOTION IN THE KI PROVED OIFFICULT TO IMPLEMENT WHEN INDEXING IN 
THE PREVIOUS CONTEXT WAS CALLED FOR, AS A RESULT, ON THE KL 
MONITOR CALLS PROM THE MONITOR ARE MORE SIMILAR TO MONITOR 
CALLS FROM THE USER, ON A MONITOR TO MONITOR CALL, THE MONITOR 
CAN EITHER COf Y THE ACS OR CHANGE THE CONTENTS OF CAC AND PAD 
APPROPRIATELY, 
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3*3 PROCESS CONTEXT REGISTERS fOR PXCT 

IN ADPIIION TO THE 3»BIT REGISTERS CORRENT-CONTSXT AC BLOCK 
(CACO AND PREVIOUS-CONTEXT AC BLOCK (PAC)# THE FOLLOWING 
HARDWARE PROCESS STATE VARIABLES ABE DEFINED FOR USE UNDER 
PXCT, 

NAME # BITS FUNCTION 

PCS 12 PREVIOUS CONTEXT SECTION tNEWl 

tKL»5) 

PCU I PREVIOUS CONTEXT USER-MODE ION 

KIJ 

PCP I PREVIOUS CONTEXT PUBLIC tON KIJ 

THESE PROCESS STATE VARIABLES ARE USED ONLY WHEN THE PROCESSOR 
IS IK EXEC MODI, AS ON TBE KllO, PCU IS PC BIT ^ AND PCP IS PC^ 
8IT WHEN THE PROCESSOR IS IN EXEC MODE, IN USER MODE, THESE 
BITS HAVE THEIR TRADITIONAL MEANINGS CBIT s OVERFLOW* BIT 6 * 
U^ER 10). 



3,3,1 PREVIOUS CONTEXT SECTION (PCS) 

THE PREVIOUS CONTEXT SECTION REGISTER IS A POTENTIALLY 12-BIT 
(5 SITS ON KL) PROCESS STATE VARIABLE WHICH CONTAINS THE 
SECTION NUMfjER FROM WHICH THE MOST REGENT MONITOR CALL WAS 
MADE, SINCE MONITOR CALLS CAN BE MADE FROM BOTH EXEC AND USER 
MODE, PCU DISTINGUISHES EXEC AND USER SECTION NUMBERS (SEE 
3,3,2), 

IF THE PXCT CONTROL BIT El IS I (COMPUTE EFFECTIVE ADDRESS IN 
PREVIOUS CONTEXT), VMA SITS 6-17 ARE REPLACED BY PCS BEFORE THE 
EFFECTIVE ADDRESS OF THE OBJECT INSTRUCTION IS COMPUTED, SEE 
ATTACHED FLOW CHART, THUS PCS WILL AFFECf WHETHER KI OR 
EXTENDED ADDRISSIIIG RULES ARE USED FOR THE EFFECTIVE ADDRESS 
COMPUTATION, SEE CHAPTER 2,2, EXTENDED ADDRESSING, 

PCS IS IMPLEMENTEO AS AN INTERNAL REGISTER AND IS NQT PART OF 
THE NEW FLAGS AND PC DOUBLE WORD [21, INSTEAD, IT IS SETTABLE 
AND READABLE if THE MONITOR USING A SINGLE DATAO AND DATAI, 
SEE SECTION 4, MONITOR UUO'S BELOW, 
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3.3.2 PREVIOUS CONtlXT USER«MO0E 

PREVIOUS CONfEXI USER-MODE IS A 1*BIT PROCESS StTATE VARIABl^E 
WHICH, IF I, SPECiriES THAT THE MOST RECENf MONITOR CAl^k WAS 
FROM USER.MODE, IP A 1, PCU CAUSES AIiL NON.AC PREVIOUS CONTEXT 
REFERENCES GENERAfED UNDER PXCT TO USE THE USER VIRtUAI, ADDRESS 
SPACE AS SPECiriEO B¥ THE CCUSR), IF A 0, PCU CAUSES Alil, 
NON-AC PREVIOUS CONTEXT REFERSNCES GENERATED UNDER PXCT TO USE 
THE EXEC VIRTUAI. ADORESS SPACE AS SPECiriED BY THE CCEBR), 
THIS »JT CAN BE CONSIDERED TO EXTEND THE PREVIOUS CONTEXT 
SECTION NUMBER BY I BIT TO GIVE A PROCESS*WIOE SECTION NUM©ER, 
I,E,, 6*BITS ON Kh, 13»8ITS ON A FUTURE MACHINE. A FUTURE 
MACHINE MAY CHOOSE TO IMPLEMENT THE USER BIT AS THE HIGH ORDER 
BIT OF THE SECTION NUMBER FIELD THROUGHOUT, IN WHICH CASE THE 
PROCESS.MIDE SECTION NUMBER WOULD BE 12-BITS^ 

AS OS THE KI, PCU IS IMPLEMENTED AS BIT $ OF THE PC FLAGS WHEN 
THE CPU IS IN EXEC-MODE, BIT $ IS CAW-ED USERwIO MODE WHEN THE 
C#U IS IN USER.MODE, 

3.3.3 PREVIOUS CONTEXT PUBLIC (PCP) 

PRIVIOUS CONTEXT PUBLIC IS A I-BIT PROCESS STATE VARIABLE 
WHICH, IF 1, SPECIFIES THAT THE MOST REGENT MONITOR CAi»l' WAS 
FROM A PUBLIC PAGE, IF A U PCP CAUSES ALL PREVIOUS CONTEXT 
RiFERENCES TO CONCEALED PAGES TO TRAP, THUS A MALICIOUS USER 
CANNOT PASS THE MONITOR AN ADDRESS IN A CONCEALED PAGE UNLESS 
THE CALLER IS CONCEALED. THIS BIT IS SET FROM THE PAGE 
SPECIFIED BY THE PC OF THE MUUO OR JSYS, HOT PC+i. THUS AN 
MUUO CAN BE DONE FROM THE LAST LOCATION IN A PUBLIC PAGE WHICH 
AiUf S A CONCEALED PAGE, 

AS ON THE Kl, PCP IS IMPLEMENTED AS BIT OF; THE PC FLAGS WHEN 
THE CPU IS IN EXEC*MODE, BIT IS OVERFLOW WHEN THE CPU IS IN 
OSER*MODE, 
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4, MONITOR UU05 (MUU03 

PCS IS RBADABLE/SETTABLE BY DAtAl/DAIAO PAGf • OATAO PAG, 
RRO¥I0E$ INDIVIDUAL 1.0A0 BITS, SO THAT PCS CAN BE CHANGED 
WITHOUT CHANGING ANY OTttER STATES OF THE HARDWARE U3 , PCU 
CHANGES ONW DURING A MONITOR CAliL OR RETURN, IT SHAl^t BE THE 
RgSPONSISH^lTY or THE HARDWARE/MICROCODE NHII.E PERFORMING ANY 
MUUO TO STORE THE VALUE OF THESE VARIABl.ES IN MEMORY AND TO SET 
THEIR NEW VAI*UES, liOCATION UPTPCW (USER PROCESS TABLE - 
PROCESS CONTEXT WORD) IN THE UPT WltiL BE ASSIGNED TO RECEIVE 
PCS IN THE SAME FORMAT AS USED BY THE DATAO PAG. THE ONLY 
REASON FOR SAVING THE OLD CONTENTS OF PC«# IS IN CASE THE 
CALLER IS THE MONITOR, THEN PCS IS SET TO THE SECTION FROM 
WHICH THE CALLER CALLED (BEFORE THE PC IS INCREMENTED) , 

FLOW FOR MUUO (MUUO AC, E)l (NOTES THE LOCATIONS IN THE UPT 
ARE GIVEN SYMBOLICALLY, SEE CHAP 2,9 •EXEC AND USER PROCESS 
TABLES • EPT, UPT FOR VALUE OF SYMBOLS, 

BEGIN MUUO 

COMPUTE EFFECTIVE ADDRESS, VMA<6»3S>| 

STORE PC FLAGS IN UPTUU0<q«i2> ALONG WITH 

OPCODE IR<0»S> AND AC<9*i2> IN UPTUUa<18.30>? 
STORE PC<13*35> GLOBAL ADDRESS IN UPTUUO+1 J 
STORE EFFECTIVE ADDRESS VMA<i3«3S> IN UPTUU0t2 I 
STORE CURRENT AC BWCK REGISTER (CAC) tlJ, 

PREVIOUS AC iLOCt CPAC) UU 

CALLER'S PREVIOUS CONTEXT SECTION (PCS) C5 IN KL3 , 

IN UPTPCW IN DATAO PAG, FORMAT j 
COPY CALLER'S CURRENT SECTION, PC<l3«t7> TO PCS; 
CLEAR ALL FLAGS AND SET PC« AND PC P APPROPRIATELY 

IN PROCESSOR STATUS DEPENDING WHERE CALLER CAME 

FRQMI 
FETCH NEW GLOBAL PC FROM C(UPT+D)<13»3S> 

WHERE D * UPTNMP t 4»USER ♦ 2»(PUBLIC) ♦ TRAP 

CYCLE (SAME AS KI)| 
END (OF FLOW FOR MUUO) 

IT IS THE RESPONSIBILITY OF THE MONITOR TO RESTOJIE PCS BEFORE 
RETURNING TO A CALLER, FOR EFFICIENCY* THIS IS OONfi^ IN A 
SINGLE INSTRUCTION, THE TYPICAL SEaUENCE WOULD BE I 

DATAO PAG,UPTPCII rRESTORE PREV CONTEXT, 

; INCLUOINO PCS IN CASE MONITOR 
; IS CALLING 

XaRSTF UPTUUO jLOAO FLAGS AND 30»BIT PC 
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5, APPI*ICASl.E AN0 NON APPLlCABIiE INSTRWCf IONS UNDER PXCT 

f HE rOl^liOiSING TABLE SHOWS WHICH INSfRUCf IONS WHjL BE USED BY 
THE MONITOR UN0ER PICT AND WHICH WlLli NOT, NO ATTEMPT Vlhh B% 
HADE TO MAKE THE "NOT APPWCABIiE" CATSaORlf WORK COMPATIBE^Y ON 
FOTURE MACHINES, FURTHERMORE SINCE VERY FEW CUSTOMERS WRITE 
THEIR OWN MONlTORSf NO ATTEMPt WILI^ BE MADE TO TRAP THE NOT 
APPWC ABLE CASES, 



APPLICABI.E 

AOaSP 

FJ*OATINS POINT 

DMOVE, OMOVN, OMOVEM, 0MOVNM 

IIP, AOaBP, H*DB, l,D8, IDPB 

DPB 
EXTEND 

MOVXX CCASS 

XMOVEI 

INTEGER ARITHMETIC 

EXCH 

mf 

PUSH, POP 

CAIXX, CAMXX 

SKtPXX 

AOSXX, SOSXX 

BOOi^EAN 

HALF WORD 

TEST 

SHIFT, ROTATE 

MAP 



MOT APPLICABLE 
LUUOS, MUUOS, JSYS 



AOBaN, AOBJP, aRSTXX, XCT, PXCT 

PUSHa, POP J, JSR, JSP 
<JSht JRA 

auMPxx, Aoaxx, soaxx 

I/O 
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6, SPECIAI.-CASE INSTRUCflONS 

THIS SECTION DESCRIBES THE OPERATION Of THE APPl,ICAB|,E 
IliJSTRUCTIOMS, IT PARAIii»El»S THE ORDER OF TIE OgSCRIPTIOMS Of 
THE IMSTR0CTIOMS DESCRIilP IN CHAPTER 2«2, EXTENDED A0DRESSIi^G, 

#,1 PC»5T0RlMa INSTROCTIONSj PUSHJ, JSP, JSRf POPJ 
MOT APPl,lCABliE, 



$.2 BITE INSfRyCflOM I,D», H#OB, OPB, IDPB, I1P# ADJSP 

THE iXTE IMSTRUCTIOMS USE AI*!^ 4 PXCT AC BITS AS FOLLOWS; 

9 (El) EFFECTIVE ADDRESS COMPUTATION TO FETCH BYTE 
POINTER, 

tOCOU FETCH OF BYTE POINTER, 

tlCE2) EFFECTIVE ADDRESS COMPUTATION OF BYTE DATA, 

12(02) FETCH OR STORE OF BYTE DATA, 

i,3 STACK INSTRWCTIONSI PUSH, POP* AOaSP 

THE STACK INSTRUCTIONS USE THE FOLLOWING PCXf AC BITS J 

9CEI) EFFECTIVE ADDRESS COMPUTATION, 

lOCDIl DATA OPERAND FETCH OR STORE (PUSH, POP), 

12(02) STACK DATA FETCH OR STORE 

THE STACK POINTER IS ALWAYS IN THE CURRENT AC/ SINCE THE AC OF 
ALL OBJECT INSTRUCTIONS ARE TAKEN FROM THE CURRENT ACS, 
HOWEVER, THE DATA FETCH OR STORE IN THE STACK IS COiiTROLLEO BY 
BIT 12, IN DETERMINING WHICH SECTION IS MEANT BY THE LH OF THE 
Sf ACK POINTERi PCS TAKES THE ROLE OF PC ti-i7l WHEN BIT 12 » I, 
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FliOW Cmm FOR STACK POlNfER yPOAfE 



/ 

A 

NO 



i 
/ \ 
PXCfV' 

? / 

s / 



ms 



NO 



4({iat«ai;i 



/ PC ^ 
SEC»0 
\ 



I 

i 
/A 

•/ 61 f 

M2»l 

\ / 



NO 

v ? 



tES 

I \ / 
t s / 

INO 
/ \ 
AC \ 
\ 
/ 
\ / 

iUSER «iF <• USER i 
iSECflON <• iMCAOi 
ICRy 18 PROP AGAt ESI 

I ySER REF <• USER I 
iSECflOM «• PC 13-17J 
i HAl^VES HANDLED J 
i INBEPENDENTLI i 



YES 
/ I 

i 

/A 

/ PCS 

\ so 

V / 



JNOi 

/ \ 

/ AC S 

/ hH > \ 

\ ? / 

\ / 

|¥1S 

{USER REF <«PCU I 
{SECflON <• WCAC^I 
iCRi 18 PR0PASAfES4 



yES' 

/ I 
I 

i- 

i 

i 

I 

i 

i 

I 
I 

I 
i 



^ * i* •» « «> .|p .«. IP PH. I||> UK « .fir .«> )•> <■>. * <^ 

I USER REF <• PCU J 

I SECTION <• PCS i 

i HAiVES HANPLED I 

i INDEPENOENIW | 

"^■^ ^p^^^ ^^'^^^W ^P flUfr "flff '^ff ■ -Hw 'IB^ Wff ^iP"--flP 'fll» ifP Ww''^- 
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§,4 Blif 

BhT IS PROVJOED OWDBR PXCf SO THAT f HE CODING IS THE SAME FOR 
MOMXTOftS WHICH RON ON KlS, 1080S ANP/OR Kh WITHOUT syPPORTlNG 
EXTENOBD ADOftESSlNG, 

»ht USES PXCT AC BITS I 

9(El) DESTlMATIOf* ANO TERMINATION EmCTlVE ADDRESS, 

liCiJl) DESTINATION DATA STORE* 

12(02) SOWRCE DATA FETCH. 



^.5 EXTEND 

EXTEND OSES THE 4 PXCT AC SITS MAINW FOR THE SOURCE AND 

DESTIWATIOW 

EFFECTI¥E ADDRESS AND OPERAND ACCESS, THE DATA FETCH FOR THE 

EITEWOED ' 

OPCODE WORD CCE) IS CONTROI1I.ED BY BIO. HOWfiVBR BIT 9CEI) DOES 

AFFECT 

THE ErfECTIVE ADDRESS COMPOTATIOH TO OBTAIN THE EXTENDED OPCODE 

WORDf 

AS WITH E OF Al«Ii INSTRUCTIONS, THEREFORE THE MONITOR 

PROGRAMMER MUST 

MAKE SURE THAT Et»0, IN THE Ummthl CASE THAT E HAS 

INDIRECTTON OR 

INDEXIMG, 

EXTEND USES PXCT AC BITSI 

9(El) EFFECTIVE ADDRESS COMPUTATIONS OF E (EXTEND 
-OPJl 

ALSO OF SOURCE POINTER IF BIT U IS SETf AND OF 
DESTINATION POINTER IF BIT 12 is SET, 

10(01) EXTEND OP 

11 (E2) SOURCE BYTE DATA FETCH (AND SOURCE POINTER 
CAliCUIiATION IF 89 15 SET), 

t2CD2) DESTINATION BITE DATA STORE (AN© DESTINATION 
POINTER 
CAl*C«liATION IF B9 IS SET), 

THE AC'S USED B¥ EXTEND OPERATIONS ARE AliWAIS CURRENT CONTEXT, 
AND 

BIT 12 OF BfTE POINTERS USED Bt EXTEND IS INTERPRETED OR 

IGNORED 

ACCORDING TO THE CURRENT SECTION, 
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6*6 XCf 

PXCT txcTi IS mt Amhicmm, however xct cpxct ej will work 

SAME AS PXCT E, 

6*7 X«OyEl 

NO SP1C€AI, ACflON IS fAKEN. OSW Bif 9 CEl) AFFECTS tHg 

IMStRUCflON, 

SEE CHAPTER 2,2, EXTETOED AODRiSSINa, 

6,8 XBW 

X©W USES THE SAME ilfS AS EXTEND (RATHER fHAM iLT) AJI0 HAS 
THE SAME SOURCE, DESTINATION RELATIONSHIP, AS WITH ALL EXTEND 
OPCODES, THE DATA FETCH OF THE EXTENDED OPCODE IS CONTROLLED m 
BIT 10(013, iEGAySE BIT 9 (El) AFFECTS THE EFFECflVE ADDRESS 
COMpWfAflQM IN THE SAME WAY FQR ALL I«STRyCTlOJ}&# IT SHOULD BE 
Of 

lO(Dl) DISTIMATION WORD STORES 

12(D2) SOWRCE WORD FETCHES 
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7, PROaRAMMISG EXAMPl»E5 

THE rOLI^OWING EXAMPI^ES SHOW AN MUUO CALLING SEaUEUCE USIMG 

ARGUMENf 

hUfS, fHIS IS MOt KlClSSARIliy THE WAf THE MONITOR «H,L BE 

CAJjIiEDt 

HOWEVER, SUCH A CAIitlNG SEQUEiCfi IS SUFf ICIENTfcX GEKEBAt TO 

IfcliUSfRfTE hhh THE gSKS OF PXCT BX fHC MONITOR, 

AS$WME AH ARGUMENT lilSf COMSISTMS OF POIMTERS TQ ARGUMENTS, 

If 

THE USER PROGRAM DOES AM MWUO FROM SECTION 0, THESE POINTERS 

CAN 8Ei 

1, A NUMBER LESS THAN 20 SPECirYIN0 AN ARGWENf IN AH AC 
(PREVIOUS CONTEXT AC), 

2, Ai 18 BIT ADDRESS tIM SECTION 0), 

3, 18 BIT ADDRESS + INOEX FIELD AND/OR INOiRECTION 
(INDEXING 

IGNORES LEFT HALF OF INDEX REGISTER), 

ir THE USER PRQGRH DOES AN MWUO FROM A NON-ZERO SECTION, THESE 

POIKflRS 

CAN 0E{ 

1, A NUMBER LESS THAN 20 SPECIFYING AN ARGUMENT IN AM AC 
(PREVIOUS CONTEXT AC), 

2, AN 18 BIT APDRISS (IN CALLING SECTION), IE,, AN 
INSTRUCTION 

FORMAT INDIRECT MORD (IFIW), 

3, AN 18 BIT ADDRESS C IN CAl»J^ING SECTION) + INDEX AND/OR 
INDIRECTION, IE,, AH INSTRUCTION FORMAT INDIRECT «OftD 
(IFIW) 

(INDEXING MAX USE LB OF INDEX REGISTER AS. A GLOBAL 
SECTION NUMBER IN CALLING ADDRESS SPACE), 

4, A 30-BIT ADDRESS ANfWHlRE IN THE ADORISS SPACE OF THE 
CALLER, !£,# AN EXTENDED FORMAT INDIRECT WORD 
(EFIW), AN IFIW MAY HAVE INDIRECTION AND/OR INDEXING, 
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EXAMPLE • IN 



MOVE I 



MUUO 



SECTION or 




l§, lEXP 
EXP 

EXP 
EXP 


3 lARG IN AM AC 
100 JARG IN LOC 100 
1000(5) lARG IN I,OC 10 00 4 
@2000J lARG IN I.OC CC2000) 



Ci$) 



EXAMPLE • IN NOM«tZERO SECTION 



I 



XMOVll 



16, CEXP 3 ?ARG IN 
EXP liO+lOO lAlG IN 
EXP 160+1000(5) ?ARG 
EXP lBO+gi2000 JARG 



AC 

toe 100 

IN I^OC 1000 + CC5) 
IW mo CC20OO3 



XWD 30,30003 



mm 



J2000 Mht CONTAIN eriW OR 

! I.FIW 
?ARG IN liOC 3000 Of 
f SECTION 30 



THE FOlil^OWING MONITOR CODE ilfcL WORK IN A MON-tZElO SECTION, NO 
MATTER WHETHER THE GAIitER IS IN SECTION OR NOT* (AFTER THE 
PREVIOUS AC BI,OCK REGISTER CPAC) CONTAINS THE AC SLOCK NUMBER 
OF THE CALLER'S ACS), 

7,1 TO FETCH THE ARGUMENT POINTER CCAWilR'S AC* 16)1 

PXCT 14,tM0VE T1#16J IPXCT4, ISEaUIVALENf 



7,2 TO SETUP THE ADDRESS OF THE FIRST ARGUMENT POINTER 
STEP THROUGH ARGUMENTS IN A LOOP, SAY)* 



(SO TO 



PXCT 



14,IXM0VEI T1,#16J 



NOTE THAT THIS IS ALWAYS A 30-BIT ADDRESS IN THE PREVIOUS 
CONTEXT WHETHER THE CALLER CALLED FROM SECTION OR NOT, NOTEl 
MOVEI COULD NOT BE USED TO GET THE SECTION NUMfiER, SINCE ALL 
IMMEDIATE MODE iNSTRUCTIOWS (EXCEPT XMOVEI) USE ONLf 18 BITS, 
EVEN UNDER EXTENDED ADDRESSING. 
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7,3 TO PETCM fHE NTH ARGUMENTS 

PXCf 14,tM0VE fl,©N(i6)J 



7,4 10 FETCH THE APORESS OF THE NfH ARG«MENf| 

PXCT l4ftXM0¥EI TU»N(16)J 

NOTE THAT THIS IS ALWAm A 30»BIT A0ORESS IN THE PREVIOUS 
CONTEXT WHETHER THE CALliER CALLED FROM SECTION OR NOT, 



7,5 TO ITERATE THROUGH AN ARRAXS 

NOTE THE USE OF 04, INSTEAD OF 14 IN PXCT TO COMPUTE EFFECTIVE 
ADDRESS IN EXEC MODE AND ONLY GET DATA FROM PREVIOUS CONTEXT, 

PXCT 14, tXMOVlI Tl,»iCl$)J fFETCH ARRAr ADDRESS 

MOVEI T2,N fSm INTBRATION COUNT 

? T0= H 

MOVEI T3,0 ?SET SUM TO 

LOOP I PXCT 04, t ADD T3 , (Tl ) 3 j ADD NEXT ENTRY 

ADDI TI,l f INCREMENT 30*BIT 

I AODRESS, PXCT CROSSES 
r SECT BOUNDARIES ONLy 
? CALLED FROM SECT > 0, 

SOaG T2#L00P JL0OP UNTIL DONE 
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APPENDIX • EXPl^ANATION OF DESIGN DECISIONS 

THIS APPENDIX CONTAINS gXPljANATIONS OF DESIGN DECISIONS WHICH 
ARE PtAGGED IN THE TEXT WITH FOOTNOTE NUMBERS IN BRACKETS, 
THUS NEW READER'S OF THE SPEC mhh UOf HAVE TO ASK, "WH¥ DIDN'T 
you DO.,,?" AI.SO THEf CAN SEE IF THEY AGREE WITH OUR REASONING, 
FINAIilif IT FORCES m TO auSTIFY OUR DECISIONS WIfH GOOD 
REASONS, 

1, WHY NOT tlAVl PXCT WORK IN USER MODE? 

PROl IT COULD BE USED TO MAKE A FAST CAI,MNG STANDARD USING 
2 AC BWCKS, SEE CAI. PROPOSAL BY T, HASTINGS. 

CONI CAtlilNG STANDARD SHOUI*D BE SIMILAR ON KA, Ki, AMD Ki, 
m ARE STII.il TRYING TO DEFINE THE STANDARD, PXCT IS 
NOT UNDERSTOOD WEIiJ* ENOUGH TO POT IT IN USER-MODE YET, 

SPEC J PXCT WORKS ONLY IN EXEC MODE, 

2, WHY NOT KEEP PCS IN NEW Fl,AGS AND PC DOUBLE »ORD SINCE IT 
IS A PART OF THE PROCESS CONTEXT? 

PROl WQlCmUX IT SHOULD GO THERE, SINCE THE PREVIOUS 
CONTEXT SECTION NUMBER IS A PART OF THE PROCEl^S 
CONTEXT, IT mUW SAVE THE MONITOR HAVING TO DO A 
DATAO ON EACH CAl.Ii, 

CONS THE OPCODE AND AC FIEI.D STORED ON AN MUUO WOULD HAVE TO 
BE MOVED INTO ANOTHgR WORD, ALSO PCS IS ONLY USED IN 
EXEC MODE, THEREFORE IT IS NOT REALLY A FULL PROCESS 
STATE VARIABLE , 

SPECI MONITOR MUST 00 A DATAO TO SET PCS ON EACH MONITOR CALL 
AND CONTEXT SWITCH, 



LOOSE ENDS 
t, IS IT PROPER THAT PXCT NOT WORK IN USSR-IOT MODE? 

2, HOW DOES NEW CODE CALL MONITOR FROM NON«ZERO SfiCTIOM 
WITH OLD (iSwBIT) aSYSS? 

3, HOW CAN THE MONITOR (RUNMING IN A iON-MRO SECTION) 
SETUP A POINTER TO USER SECTION 0? IN THE Lt OF A 
MONITOR INDEX REGISTER MEANS LOCAL, NOT SECTION 0, 
EXAMPLE 7,S FAILS, 

4, WHERE SHOULD PCS GET INVOLVED IN BYTE OPERATIONS IF 

.El«©? ^ 
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imo or pxc€,spc3 



1O8O>2O40,2O^O iJIGINEERING FUNCf lONAl, SPEC • C«APfER 2.6 

tOl KIilO liJST 

Tlfmt KJ*10 INfERKAl, DEVICES CAPRi PI, PAG3 

SXATllSt THIS CHAPTER RErifEGTS THE DESIGN INTENTION FOR 
PROTOT¥PE*Jj£¥El, MACHII^ES, PARAaRAPH7,4 (CACHE SWEEP) MAS BEEN 
PROPOSEO BUT MOT ACCEPTED, 

FIl^Et IEFSJC«2S0§,SPC 

POM II 20 0-20 0»O 19-00 

DATEt 7 AUaUST 14 

SWBRSEDEO MEKOSI 

EKGINIERI a. I*EONAR0 

APPROfEP* 

IBIfORl M» MIWIR 

fXPISTS K, PAPPAS 

REVIEMEBf 

AiSTlACT 

iJT ASSIGNMENTS AND rUMCTlONAl, OSriNIflONS ARE GIVEN FOR 

INTERNAl. 10 DEVICES APRi PI# AN0 PAG, THE INTBRNAl^ DEVICE 

TIM/MTR AND THE SBUS DIAGNOSTIC INSTRUCTION ARE COVERID IN 
OTHER CHAPTERS, 

REVISION HISTORY 

REV DESCRIPTION CHG NO ORIG DATE APPD »f PAfE 
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0, CONtENfS 

1, SUMMARY 

2, fERMINOfcOar 

3, GOAl^S 

4, MO»»GOA1.5 

5, OEVICE APR 

6, DEVICE PI 

7, DEVICE PAO 

8, APPENDIX A • MOSE ENDS 

9, INDEX 

X , SUMMARTf 

THE INTERNAL "DEVICES" APR, PI, AND PAG PROVIDE MEANS FOR THE 
MONITOR fO TEST A8D COiTROL VARIOUS ASPECTS or THE MACHINE'S 
BEHAVIOR, AS HEEDED TO PERFORM TWESHARING. IN AODITIOW, THESE 
DEVICES PROVIDE IWORMAflON ABOUT HARDWARE FAIIjURES, SO THE 
MO»ITOR CAW ATTEMPT RECOVERY, AMD SO DIAGKOSTlCS CAN MARROW 
DOWN FAIIiURES AS AN AID TO FIEW SERVICE, 
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2t fERWINOI^OGy 
2,1 SBUS 

SfORAGE BUS, fHE IMTERMAl* COMMUNICATION PATH fly NHICH THE 
MEMORY CONTRPl. PORTIOM OF IttE CPU CONfROt-S AND PASSSS DATA TO 
AND FROM THE INTERNAIi MEMORIES AND THE DMA20 EXTERNAI, MEMORY 
ADAPTER, 

2g2 10 BUS RESET 

A SIGNAI, WHICH RESETS hhh 10 DEVICES AND CONTROI*t,ERS, 

2t3 POWER FA III FMG 

A SIGNAfc ASSERTED BI THE PROCESSOR POWER SUPPI^y IF AHY PHASE OF 
THE POWER JUINE DROPS BEIOW TOfcERANCE. liOGIC POWER «H»I. REMAIN 
IN fOLERANCl FOR AT IiEASf IS MILLISECONDS, 

2.4 CACHE REFILL ALGORITHM 

A TABLE LOOWP MECHANISM B¥ WHICH THE CACHE CONTROL KEEPS TRACK 
OF THE USE HISTORY OF EACH WORD IN THE CACHE, IN ORDER TO 
DISCARD THE LEAST RECENTLY USED WORDS AS NEW DATA IS LOADED 
INTO THE CACHE, 

2.5 MBE. 

MBZ IS AN A8BRIEVATI0N FOR MUST BE ZERO, IT IS USED IN 
INSTRUCTION FORMATS FOR UNUSED BITS AND FIELDS, SOFTWARE MUST 
ENSURE THAT THESE BITS AND FIELDS ARE ZERO BECAUSE THEY ARE 
RESERVED TO DIGITAL FOR FUTURE USE BY MICRO-CODE OR HARDWARE ON 
THE KLIO OR FUTURE MACHINES, 
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3, GOALS 

1, KHO C0MPATiaiIilT5f WHERE IT IS RELEVANT, 

2, MINIMUM NUMBER OF iNSTRUCf IONS FOR THE FREaUENfLy 
OCCURRIMG rUNCflONS* 

3, MINIMUM NUMBER or DEVICE CODES USED, 

4» ALL INTERNAL DEVICE CODES USED SHOULD IE LESS THAN 34 
OCTAL CLE,, 034) FOR EASE OF BUILDING THE HARDifARE% 



4, NON-GOALS 

1, NO MAINTENANCE flAfWRiS INCIiUDED IN THE INTERNAL 
DEVICIS; THE PDP*il WILL PERFORM THAT PORTION OF 
MAINTENANCE, 

2, WE DO NOT NEED THE EQUIVALENCE OF DATAO AND BLKO, OR OF 
DATAI AND 8LKI, AS IN EARHER MACHINES BECAUSE INTERNAL 
DEVICES DO NOT TRANSFER SLOCKS OF DATA, 
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5, DEVICE APR (ADDRESS OOO OCTAI,) 

5,1 PROGRAMMABl,E PROCESSOR INfERRWff REGISfER (COMO, COSI»APR) 

COSDITIOIIS OUT CCOHO) AND CONDIflOliiS IM (C0NI3 APR HAVE BEEN 
REARRAMGED FROM WHAf THEY WERE IN THE KHO, THE FOLI^OWI^G 
F0SCTION5 HAVE BEEN DELETED, THEY ARE NOT NEEDED IN THE KhlQ 
BECAUSE THE PDP-11 PERFORMS THEM I THE TIMER, APTO RESTART, THE 
lilME rREOUENCif CI^OCK, AND THE SENSE SWITCHES, THE FOLWMING 
rUNCf IONS HAVE »EEN ADDEDl fhhGS FOR SSUS ERROR, CACHE SWEEP 
iWSY, AND CACHE SWEEP DONE, 

CONO APR IS AN IMMEDIATE INSTRUCTION, CONIAPR RETURNS rt,AGS 
TO TIE WORD AT E. BITS OF fi ARE INTERPRETED AS FOLJ^OKSj 
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0»5 CONi; 

^ SES CONI I SlUS ERROR ENAlIiEO 

7 NXME CONII NON-IXISTENT MEHORY BNASIiED 

8 MPEE CONI I MEMORf PARITY ERROR IN ABfcED 
f IPFE CONII 10 PAGE FAII, ENABI.EO 
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te CQuit mz 

11 PFE CONIt POWER FAIL EKABI.E0 

12 CONIS MBZ 

13 CS0E CONIi CACHE SKEIP DONE ESAfiliEO 
14-18 CONIS 

15 I8B CONOI 10 0US BESET - A I CftUSES 10^ BUS; 

RESET CEQUIVAIiERT TO FUNCflOl IT 
PERrORMED 061 KIIO) 

CSIP CONII CACHE SWEEP IN PROGRESS • A i If 
A CACHE SWEEP IS IN PROGRESS AS 
INITIATED »¥ 

BITS 20 • 23 OF CONO DETERMINE A FUNCTION TO BE PERFORMBO OM 
SElfiCfEO FLAGS, AS SHOWN iEI*0«, BITS 20 • 23 Of COSI ARE 0, 

BIT SfMSOL DESCRIPTION 

20 ESI CONOI ENABLE SELECTED INTERRUPTS • 

ONES SPECIIIf THAT THE SELECTED FLAGCS) 
SHALL BE ENABLE0 FOR INfERRUPT, 

n psi CONOI oisAeLE selected interrupts * 

ONES SPECir^f THAT THE SELBCTED FLAGCSJ 
SHALL BE OISABLED FOR INTERRUPT, 

22 CS0F CONOI CLEAR SELECTED DONE FLAGtS) • 

ONES SPECIFY THAT THE SELECTED FLAG CS) 
-SHALL BE SET, " 

BITS 24 * 31 OF CONQ ARE THE FLAGS SELECfEO, BITS 24 • 31 OF 
CONlINOICAfE WHICH FLAGS ARE SET, 

BIT SYMBOL DESCRIPTION 

24 SE CON0 OR CONIj SBMS ERROR FLAG, 

25 NXM CONO OR CONIt NON-EXISTENT MEMORY 

ERROR FLAG, 

M MI»E CONO OR CONII MEMORY PARITY ERROR 

FLAG, 

27 IPF CONO OB CON 1 1 10 PAGE WL FMG, 

28 CONOI WNOEFINED (STEf 0), 

CONIi 
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2t PF CONO OR COMJi POWER FAJl* rtAG, 

10 CORO* UII0EFINED (WST BE 0), 

CONII 

3i CSD CQNO OR COMIj CACHE SMEEPOONS FLAS, 

32 CONOr MWSf BE 0. 

AI CONII APR iNfERRIIPf A J If A»y Fl,AG IS 
ENAStED AND $m, AND IS THERErORE 
REQUESTIIG AM l«rERRUPf, OfgERWISE^ 
CON! IS 0. 



33*35 PIA CONO? PRiORIfl INTERRWPf CPI) 

ASSiaiMENf FOR THE DE¥ICE APR 

COM I RETURN f«E' PI ASSiasJiEMf OF THE 
DEVICE APR, 

5,2 ADDRESS BREAK CDATAO APR) 

IH THE KUO, DATAO APR SETS THE MARGIMS, SINCE Kjy 10 DOES NOT 
HAVE MARaiNS, THE El. DATAO APR, I.OADS THE ADDRESS 8REAK 
REGISTER, ADDRESS BREAK CAN BE TURNED QfF il SETTING BREAK 
INABJUi BITS 9 • II TO AW. iEftOES OR i¥ USING AN ADDRESS i^ESS 
THAN 20 OCTAL, THE WOR© AT E IS INTERPRETED AS FOtoOWSl 
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BIT SIMlOl, OESCRIPTION 
• 8 MUST IE 0, 

9 ABir DAfftOS ADDRESS BREAJC ON INSTRUCTION 

FETCH -A 1 ENABLES ADORESS BREAK ON AN 
INStRUCf ION FETCHW 

10 ABDR OATAOl ADDRESS BREAK ON DATA READ"- A 1 

ENABLES ADDRESS BREAK ON A DATA READ 
REfERENCE. 

11 ABD» DATAOJ ADDRESS BREAK IN USER MODE* A 1 

ENABLES ADDRESS BREAK ON A DATA WRITE 
REFERENCE, 
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12 ABUM OAIAOt AOORISS IREAIC ON DATA WRITE • A 

I EHABIiES ADDRESS iREAK lU A USER 
PROGRAM, A ENABliES ADDRESS BREAK IN 
AN EXECUTIVE PROGRAM, 

13«3S ABA DATAO I ADDRESS 6REAK ADDRESS • THE 

23-BIT ADDRESS WHICH MUST MATCH THAT 
GENERATIO Bt THE PRDGRAM IN ORDER FOR A 
BREAK TO OCCUR, ( A MATCH A«D 
TMERSrORE AH ADDRESS BREAK CAM OCCUR 
WHEN A PROGRAM MEMORY REFERENCE HAS THE 

SAME VIRTUAL ADDRESS AS THAT GIVEN M 
BITS 43 •3§,) 

ADDRESS BREAK APPEARS TO THE PROGRAM AS A PAGE FAUM CCOOl 
0233, THE ADDRESS BREAK HANDLER CAN RBSfARf THE PAGE FAUiTgO 
PROGRAM BY SETTING ADDRESS BREAK INHIBIT C8IT 8) in THE PC 
WORD, THIS PERMITS THE FAUl,flMG PROGRAM TO CONTINUE PAST THE 
INSTRttCTIOM WHICH CAUSE THE ADDRESS BREAK, BUT SUBSEQUENT 
REFERENCES WHICH MATCH THE ADDRESS BREAK REGISTER »IW, CAUSED 
liATER BREAKS, 

5.3 DATA IN (DATAI APR) 

THIS rUMCTlOfJ IS UNUSED IN THE KlilO, 

5.4 CACHE RfiFIIrfJti AI.GORITHM (BIiKO APR) 

BS.KO APR, IS AM IMMEDIATE MODE INSTRUCTION. THE HAl,F»WOR0 E IS 
INTERPRETED AS FOI*l.OWSl 
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III .11 f*- 23 
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BIT 
l8*-20 

2l'»2§ 

27 •33. 

34.»35: 



SYMBQl, DESCRIPTION 



DATA TO BE STORED IN THE REril^Ii 
ALGORITHM RAM W THE MBOX, 

MOST IE 0^ 

THE ADDRESS IN THE REFii,!, ALGORITHM 
WHERE 8ITS i8 • 20 ARE TO Bi STOIEO, 

MUST BE 0» 



ONE EXECUTION OF THIS INSTRUCTION CAUSES ONE WRD C3 BITS) OF 
THE REFI1»L ALGORITHM RAM TO BE WRITTEN, IN ORDER TO LOAD THE 
ENTIRE RAM, 128 BLKO APR' S MUST IE EXECUTED. 



5,S PROCESSOR OPTIONS REGISTER CiLKI APR,) 

6LKI APR RETURNS A WORD AT E WITH THE 
IDENf IFlCATIONt 



FOLLOWING SIT 
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lU 

li+»* 2 
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HI 

I |+i«»» 20 

BIT SlfMBOI* DE3CRIPTI0II 

0»8 FJ.AG BITS IHDICftfiNG iXlSTlNCS Of 

CERTAIN MICRO-CODE OPTIONS, 

9»t7 VERSIGM MUM8ER OF «IC«0*C0DE RPNNIHGt 

18»23 INDICATES WHAf HAROWARE OPTIONS ARE 

PRESINT ON THE HACHlNE, 

24«35 PROCESSOR SERIAL NUMBER IN BINARI, 

SEBIAI, K«M8ER5 START AT 2000 OCTAl^, 
CORRESPQKOIMG TO SERIAI. NUMBER 1024* 
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6, DEVICE PI (ADORESS 004 OCTAli) 
6,1 PI SXSfEM CCONO PI) 

com pg, IS M mmmhm mm iHBtmctiou, tm Mhr mm e is 

I»TERP«EfBD AS rOliliOWSs 
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ilfS SfMBOI^ DSSCRIPTION 

18 WEAP COmi WRITE EVEN A00HESS PARIfX •A 1 

CAUSES ADDRESS PARlTJf On WRITE fO 
MEMORf TO m EVEN, THE MEMORy 
CONSlj&ERS EVEN AOORBSS PARlfl TO &E AN 
ERROR, SO THIS FUNCTION IS PRQVIOEO W 
TEST THE ERROR HANDI.ING Of THE SYSTEM 
FOR DIAGNOSTICS A«0 THE TIME SHARIMG 
MOMITOR, A CAUSES ADDRESS PARITI TO 
BE ODD, 

1« WEDP CO«OI WRITE EVEN DATA PARIT¥ • CAUSES 

DATA PARITt ON WRITE TO MEMORY TO BE 
EVEN, THE MEMORY CONSIDERS EVEW PARIff 
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20-21 

22 DISC 



23 



CPS 



24 



2§ 



26 



27 



28 



2f»35 



RISC 



fuse 



TFSC 



TFPS 



mm 



TO BE AN ERROR, SO THIS FUNCTION IS 
PROVIOED TO TEST THE ERROR HANDl^lNG OF 
THE SYSTEM FOR OIAGNOSTICS ANO THE TIME 
SHARING MONITOR, A CAUSES DATA 
PARITlf TO BE EVEN, 

MUST BE 0, 

CONOI mm INTERRUPTS ON SEIiECTED 
CHANNgl^s • A 1 DROPS INTERRUPTS 

RiayfESTED iY THE PROGRAM ON CHANNEI.S 
Sll*ECTED BY BITS 29 •3$. 

CONOI CI*EAR PI S¥StEM • A X CI^EARS T«E 
PI SYSTEM (I.E., TURNS OFF AtL 
C«ASNEl*Sf TURNS OFF THE PI SISTEH, 
EXCEPT I*EVEI, AND DROPS khh PROGRAM 
REQUESTS), SEE CHAPTER 4,3, POP*lO/Il 
INTERFACE CDTE203 FOR A DESCRIPTION OF 
PI 0, 

CONOI REftUEST INTERRUPTS ON SILECTEO 
CHANNELS • A 1 REaUEST AN INTERRUPT ON 
CHANNELS SELECTED fff BITS 29 - 15, 

CONOf TURN ON SELECTED CHANNELS - A J 
TURNS ON CHANNELS SELECTED BY BITS 29 - 
35,- 

CONOI TURN OFF SELECTED CHANNELS • A 1 
TURNS OFF CHANNELS SELECTED BY BITS 29 
• 35,- 

CONOI TURN OFF PI SYSTEM • A | TURNS 
OFF THE ENTIRE PI SYSTEM (EXCEPT LEVEL 
0), 

CONOI TURN ON PI SYSTEM • A i TURNS ON 
THE ENTIRE PI SYSTEM, 

CONOS ONES SPECIFY THAT CHANNELS I - 
7, RESPECTIVELY, ARE SELECTED, 



THE EFFECT OF SPECIFYING CONFLICTING CONDITIONS IS 
INDETERMINATE, DEC RESERVES THE RIGHT TO CHANGE THE EFFECT OF 
CONFLICTING SPECiFICAflONS IN THIS AND FUTURE MACHINES, 
PROGRAMS MOST AVOID USING THEM, CONFLICTING REQUESTS AREl 
DISC»RISC:¥l, TNSCsTFSC*!, TFPSsTNPSsl, , 

#,2 PI SYSTEM (CONI PI) 

CONl PI RETURMS A WORD TO E WITH THE FOLLOWING BIT 
CONFIGURATION! 
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III 

lit"* 20 

ilT SYMBOL DESCRIPflOU 

0-10 COHIS 

11*17 PRC CONII PROGRAM REQUBSfS 0« CHAIWELS 

CONTAIN l»S FOR EACH CHAHNEl. (I.E., 
EACH Pi LEVEL) ON WilCH TliERE EXISTS A 
PROGRAMMEO RE0UEST, 8IT U CORRESPONDS 
TO PI LEVEL I AUD BIT 17 CORRESPOHDS. TO 
PI LEVEL 7* 

18 MEAP COMIJ REFLECTS THE CTOREHT STATE OF 

THE WRITE EVEN ADDRESS PARITY FLAG, 

19 MEOP COMI! REFLECTS THE CURRENT STATE OF 

THE WRITE EVEIi ©ATA PARITf FLAGg 

20 MOST BE 0, 

21*27 IPC CONIl INTERRUPTS IN PROGRESS ON 

CHAiNEL • CORRESPONO TO THE PI LEVELS 
CWRRENTLf in PROGRESS, BIT 21 
CORRESPONDS TO PI LEVEL 1 AND gIT 27 
CORRESPONOS TO PI LEVEL 7, 

2« PA colli I PI ACTIVE * A i IF THE PI SYSTEM 

IS CWRRENTLY TU RUED ON, A IF IT IS 
TURNID OFF, 

29«3S CO COMIi CHAMMELS ON • CORRESPOND TO THE 

PI CHANNELS WHICH ARE CURRENTLY TURNED 
ON, BIT 29 CORRESPONDS TO PI CHANNEL I 
AND ilT 3$ CORRESPONDS TO Pi CHANNEL 7, 
PI CHANNEL IS ALWAYS TORNEO PN 
WHETHER THE PI SYSTEM IS ON OR OFF, NO 
MATTER WHAT REaUESTS ARE MADE FOR 
TURNING SPECIFIC CHAMNILS ON OR OFF, 
SEE ClAPf ER 4,3 PDP • 1 / U I NTERF ACS 
(0TE20) FOR A DESCRlPTldN OF PI 0, 

e,3 DATA OUT, DATA IN CDATAO, DATAI Pl#) 

THESE FUNCTIONS ARE UNUSED I« THE KLIO, 

6.4 MEMORY ADDRESS ERROR REGISTER (BiKO PI,) 

8LK0 PI RETURUS AT E THE CONTENTS OF THE ERROR ADDRESS (ERA) 
RiGiSfER IN THE MBOX, THE ERA REGISTER IS LOADED 81 THE M80X 
WHEN CERTAIN ERRORS OCCUR ON THE SSUS OR IN THE MBOX, BITS 14 
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• 35 or THIS REGISTER CONTAIN THE PHYSICftli ADDRESS AT WHICH THE 
FIRST SyCH ERROR QCCOREO, 

6,5 S8US DIAGNOSTIC CYCiiE CBLKI PI,) 

iliKI PI IS THE SBUS DIAGNOSTIC INSTRUCTION, IT TAKES A WORD 

FROM E AS AN SBOS DIAGNOSTIC INPUT »ORD AND REfWRNS A WORD TO E 

+ i AS THE SBUS DIAGNOSTIC OUfPWT WORD (SEE CttAPTER 3,7, SBUS 
DIAGNOSTIC CfCI.E, FOR COMPLETE DETAILS^, 
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7, 0EVICE PIG t ADDRESS 010 OCTAl.3 

7,1 EXECUTIVE BASE REGISfER CCONO, CONI PAG,) 

CONO PAG, IS AN IMMEDIATE INSTRUCTION, IT AI,WA¥S CLEARS THE 
HARDWARE PAGE TABIiE, CONI PAG RETURNS AT E PRECISELY THE SAME 
DATA THAT WAS MRITTEN i¥ CONO PAG, BIT IHTEEPRETATION IS AS 

roi,i.owsi 
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SYMBOli OlSCRlPtlOH 



BlfS 18 AND If OEFIiE f«E CACHE STRAfEai fO »E USED SY 
THE PROCESSOR, USUAI^lif THE OPERATING SYSTEM EITHER SET 
OR CliIAR TIESE SITS • AT SYSTEM STARTUP AMD l,EAVES THEM 
ALONE in ORDER TO USE THE CACHE OR NOT, TURNING OFr 
BITS 18 AND/OR 19 WITHOUT PERFORMING A CACHE SWEEP MAI 
HAVE IHDETERMIMATE RESUl,fS, THESE BITS ARE IMfEHDED 
PRI MART W FOR OIAGMOSTIC PURPOSES AND FOR RUiMlMG THE 
MACHINE WifH OR WITHOUT THE CACHE, THEI ARE NOT 
INTENDED TO SE CHAMGED DURIKG ORDlNARf OPERATION, 



18 



CSK CONOI CftCHi STRATEGf fcOoK - A I 
PERMITS A CACHE MATCH WHICH INDICATES 
IT IS POSSieiiE FOR THE PROCESSOR TO 
ri«D A WORD IN THE CACHE, 



19 



CSD 



20 

21 KP 
PAGING, 



CONQI CACHE STRATEGY LOAD • A I 
CONTROIiS CACHE LOADING WHICH SPECIFIES 
IT IS POSSIBLE Wm THE PROCESSOR TO 
INSERT A WORD COR WORDS) IN THE CACHE, 

MOST BE 0, 

COIOI KI PAGING * A 1 SPECIFIES Kg 



22 



A SPECiriES THAT THE PAGING PROCESS. 
IS DEfERMINEO BY THE MICRO-CODE, 

TE CONOf TRAP ENASLI— A 1 TURNS ON TRAPS 
AND PAGING, WHEN 0, NO TRAPS ARE 
PERMITTED AND ALL ADDRESSES ARE 
PHYSICAL, 



23*35 liR CONOS EXECWflVE lASE REGISTER • SET 
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THE EXECUTIVE BASE REGISTER 
CHIGHER-ORDER 13 SIfS OF PHysiCAl* 
ADDRESS OF EXECOTIVE PROCESS TABliE) , 

7,2 USER BASE REGISTER CDATAO, OATAI PAG,) 

DATAO PAG, SETS OP THE PAGING HARDWARE ACCORDIKG TO THE 
CONTENTS OF E, OATAl PAS READS THE STATUS OF THE PAGING 
HARDWARE INTO E, THE BIT CONFIGURATIOM IS AS FOI*IjOWSS 
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BIT SYMBOli DESCRIPTION 

IiAB DATAOS {*OA0 AC SIiOCKS • ENABLES 

|,OA0ING CURRENT AND PREVIOUS AC' il^OCKS 

ceifs 6 . u), 

DATAIS 1 • A 1 IS READ SO THAT TME 
MONITOR CAN SAVE IME USER STATUS IN TME 
UPT ON A MOVO AND RES'IORE IN ON RETURN 
WITH A SINGiiE DATAO AND DATAO, 

1 LPCC OATAOS LOAD PREVIOUS CONTEXT AND CSWX 

• ENABLES liOADiNG THE PREVIOUS CONTEXT 
SECTION ANO CWSX {CA1.1.E0 »IT« SPECIAL 
EXECUTE) EMG, 

OATAIJ I 



mm DATAOt MAD USER lASE REGlSTiR * 

enabi.es loading the user base register 

AND clearing THE PROCESS TABLE, 
DATAII 1 



3««S 

ON OAfAO, BITS § 
IS A I, 



MUST BE 0, 
•11 ARE ONLY LOAOfi© WHEN BIT (LAB) 



#•8 CAB DATAO AND DATAII CURRENT AC BLOCK • 

THE "CURRENT" AC BLOCK TO BE USED B¥ 
ki^h AC REfBRlMCSS, INDEX REGISTER 
REFERENCES, AND EFFECTIVE ADDRESS 
REFERENCES LESS THAN 20 fif THE CURRENT 
PROGRAM, EXCEPT UNDER CERTAIN 
CONDITIONS OF PREVIOUS CONTEXT EXECUTE 
CPXCT), SEE CHAPTER 2#3, MONITOR 
GALLING CMOUO AND PXCT), 
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9-11 PAB DATAO AMD DATAXI PREVIOUS AC BtOCK • 

SPECIFY THE "PREVIdtrS* AC aiiOCK NUMBER 
TO BE mm UNDER THOSE COHilTlOUS OF 
PREVIOUS CONTEXT CPXCTJt 



on DATAO, BITS 12 • 17 ARE 0Nl,1f liOADEO IF BIT 1 
OF THE iORO IS A I, 



12 



CWSX 



DATAO AND DATAll CAl»l,E0 WITH 
EXECUTE • COMTAISS C»SX 
SPECIFIES THAT PREVIOUS 
REFERENCIS SHA1.L USE SfeCTIOS 
ADDRESSINa, 



CliPCCa 



SPEC! All 

Fi,»A'6% . 
CONTEXT 
EXECUTE 



13»n PCS 



18 



ISAM 



19-22 



DATAO AW 0ATAII PREVIOUS CONTEXT 
SECTION • SPEClFt THE SECTION IN WHICH 
PREVIOUS COHTEXT REFERENCES SHAUi^ 8E 
COMPUTED, 

DATAOl INHISIT STORING ACCOOflTIMG 
METER • A i IN BIT 18 I«HI1ITS STORING 
THE AGCOWNTIN0 METERS I» THE USER 
PROCESS TABi^E, THIS IS USEFUI. AT 
SfSTEM STARTUP WHEN THERE IS NO 011.0 
USER PROCESS TA6I*£, IF SIT 18 IS A 0, 
THE ACCOWNTlNa METERS nthh BE STORED IN 
THE USER PROCESS fABI^B SSrORE MODIFXlNa 
THE USER BASE REGISTER (UBR), UPON 
MODIFICATION OF THE U8R, NEW VALUES FOR 
THE ACCOUNTING METERS Wll,!, gE tOAOED 
rtOM THE NEW USER PROCESS TABtE, 

DAT All 0. 
MUST BE 0«S« 



ON DATAO, BITS 23 • 3S ARE iOADED ONLY IF BIT 2 CLUBRJ 
IS A 1 , ' 

23*35 UBR DATAO AND DATAII USEE BASE REGISTER • 

USER BAtE REGIStER (THE I|*Blf PHYSICAL 
PAGE 

NUMBER IN WHICH THE PROCESSOR WILL 
FIND THE USER PROCESS TABLE), 

7,3 HARDWARE PAGE TABLE INVALIDATE (BLKO PAG,) 

BLKO PAG, IS AN IMMEDIATE INSTRUCTION, THE HALF»WORD E IS 
IMTERPRETED AS FOLLOWS J 



t 4* +. f. . 4... 4 + 
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ill Hi ill III ill HI 
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ill ♦•-•• 2 J 
I U 
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BIT 5fM80l( OESCRIPflOM 

J 8 UPl BWQI WSER PAGE iMVAItlP^fE • A J 

SPECiriES A USER PAae, A SPECIFIES 
AN EXeeUflVE PAGE, 

19-»21 mst BE 0, 

22-35 VPN VI RTUAt. PASe HWMBER- SPECIF! VlRfUAl, 

PAGE NUMBER WHOSE ENfRl I« THE PAGE 
TABLE SHAI.IJ BE lNVAi^I0Afl», 

7,4 CAOHE SWERP (BI,KI PAG,) 

iliKI PAG IS AM IMMEDIATE INSfRWCTlON, THE HAliF^WORD E IS 
IWfERPRftTED AS FOI.liOWSt 
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lit ill Ui Ul IU Ul 

IU Ui ill Ui lu ill 

i It IU ill UMU U+— 3S 
ill III Ui ut Ul it— 34 
Ul lit IU Ui IU +— — 33 

IU ill iii Ui ill 

IU IU Ui Ui iif* 32 
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BIT SyH»Ot, DESCRIPTION 

18 SOP SWII SWEEP ONE PAGE - A I SPECiriBS 

THAf ONM ONE PAGE WILL IE 5MEPT AS 
SPECiriED BY Bits 23 - 3S, A 
SPECIFIES f HAT THE ENTIRE CACHE WIl-I. BE 

S«EPT, , 

i^ VC BhUt VAtlOATE CORE • A 1 SPECirilS 

THAT CORE BHhhh BE VhhWhmo tI,E,, ANT 
WOR0 IN THE CACHE «ITM ITS WRITTEN BIT 
ON SHAIili IE WRITTEN BACK TO MEMORIJ. A 
SPECIFIES THAT NO WORDS mih BE 
iRITTEN BACK TO MEMORt, 

20 IC BI^KIl INVALIDATE CACHE 'A I SPECIFIES 

THAT THE CACHE SHAXiL BE INVALIDATED 
(I.E., THE VALIO BIT IN THE CACHE SHALL 
BE TURNED OFF SO THAT THIS WORD WILL 
NOT BE WSED 8¥ THE PROCESSOR FOR ANY 
MEMORY REFERENCE). A SPECIFIES THAT 
THE VALID BITS »ILL NOT BE CHANGED, 

21»22 H«ST BE 0* 

23«3§ PPN BLKIS PHYSICAL PAGE NUMBER • SPECIFY 

THE PHYSICAL PAGE NUMBER TO BE USED IN 
THE SWEEP ONE-PAGE CASES, FOR CASES 
WHERE ALL PAGES ARE TO BE SWEPT CBIT 18 
« 03 1 BITS 23-35 ARE IGNORED, 
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8, APPENPIX A • LOOSE ENDS 

A, APPROVAl. FOR PARAGRAPH 7*4 CCACHE SWEEP) 

8, CONO/I APR! CACHE OIRECTORY PARITY ERROR FLAG? 

C, POWER FAIL WARNING f iMEl 1§MS? 

D» BIT ASSIGNMENTS FOR PROCESSOR OPTIONS W BLKI APR, 
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T©l Kl.10 hUt, J, PARSLOW (200 Fim) 

flfliEj %hlQ PROGRAM CWCKS (TIM, MTR) «• REV 3 

SfAfUSi fHIS CHAPTER REFI.ECTS fHE HARpWARE AS OF IMTIAli 
I*ATOUf kHD Fhkmm MiCRO-CODl, SOME CBAIGBS HAVE OCCWRREO 
SINCE APRIL 30 REVIEW IN ORDER TO riT IHE LOGIC OM A SINGM 
iOARO, THIS HAS BEEN REVISED SINCE THE If JUI^f ¥i»SlOS» 
WARMIMG? THE C«AWIIEI.i MEMTIOKEO IN THIS SPECIFiCAf ION HAVE HOT 
SEEN ANNOUKCEO, THEREFORE THAT PART WST BE TREAfEO AS CCIMPANf 
COMFIDKIITIAl*, 

riliEj CEFS3CH2S07,SPC 

P0M #1 2O0»2O0-OI§*O2 

DATE I 25 APR 7§ 

SUPERSEDED MEMOS S PROPOSAL FOR DK20 CWCK, T, HASTlHGSi i, 

BRUCKERT, If APRIL 74| KhlO CLOCKS 
PROPOSAL^ H, STEADMAN, T, HASTINGS, § SEPT 
73? RESULTS Of 0ESIGW REVIEW OF KLIO CLOCKS 
PROPOSAL, H, STEADMAN, 26 SEPT 73 J KHO 
CLOCKS, H, STEADMAN, 4 OCT 73, 

ENGINEERt a, LEONARD, T. HASTINGS, B, iRUCKBRT 

APRRQVEDl 

EDITORI T, HASTINGS, M, MILLER 

TIfPISTS 

REVIEWED! 30 APRIL 74 CREV 0) 

ABSTRACT 

THE KLiO HAS A NUMBER OF BUILT-IN CLOCKS, EACH PROVIDING 
DlFriRENT TIMING AMD COUNTING FUNCTIONS, THESE FUNCTIONS ARE 
CD AN ISTiRVAL TIMER AS A PROGRAMMABLE SOURCE OP INTERRUPTS 
FROM 10 MICROSECONDS TO 40,96 MILLISECONDS? (23 A ONE 
MICRO-SECOND TIME BASE! (3) TWO ACCOUNTING METERS, ONE FOR 
RECORDING »EBOX BUSl TIME" AND ONE FOR COUNTING "MBOX 
REFERENCES" I AND (4) A PERFORMANCE ANALfSlS COUNTER, THE 
CLOCKS ARE IMPLEMENTED USING THE TWO INTERNAL DEVICE COOES, TIM 
AND MTR, ALONG WITH PAG. THE CLOCKS CAN 8E READ IN EXEC MODE 
ONLf , MONITOR CALLS PROVIDE USER ACCESS, THE FRONT END IS 
EXPECTED TO PROVIDE A LONG-TERM POWER LINE FREOUliCf TIME BASE, 
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REVISION HISTORX 

REV DESCRIPTION CMS MO ORIG DATE= APPD BY DAfi 

ORIGINAL ii aOIiY 74 

1 CHANGES fO FIf SOAR© 21 MAR 75 

2 CHANGES FOOfiOBURING fgSflNG 2APR7S 

0, CONfENTS 

1, SUMMARY 

2, fERMINOLOGX 

3, GOALS 

4, SON»GOALS 

5, PROGRAMMING COMMON TO ALL 5 CLOCKS 

6, INTERVAL TIMER 

7, PUKCTIOW COMMON TO f ME FOUR S9*BIT CLOCKS 

8, TIME JASE 

9, ACCOUNTING METERS 

10, PERFORMANCE ANALYSIS COUNTER 

U, RESET 
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I, SOMMARy 

T«E 8UII.f»IN Kl#10 ChQm& PROVIDE A NUMBER OF flMiNG AND 
COUNTING rUNCflONS, THEIf ARE* 

1, iNflRVAl* flMER 

2, fIMB SASE 

3, ACCOUIITING METERS (EBOX iWSI f IME AND MBOX RErERENCES) 

4, PERrORMANCE ANAI^ySlS COWNfER 

khh or fHE OPERAflONS ON THESE CWCKS ARE DONE Bt MEANS OF I/O 
INSfRPCf IONS TO THE INfERMAl, DEVICES, TIM, MTR AN0 PAG, »«iC« 
RAVE INTlRNAfc DEVICE CODES 020, 024, AND 010 RESPECTIVE^, 
MANY OF IHESg FUNCTIONS USE A MlCRO^SfiCONO SOURCE OF PUliSES 
WHICH IS DOWN COUNfE© FROM THE BASIC MACHINE CIjOCK WHICH HAS 
I,iSS THAN FIVE SECONDS DRIFT OVER 24 HOURS. NOTEJ IT HAS BEEN 
AGREED THAT IF THE BASIC MACHINE CtOCK RATE MUST BE St»OW£D 
DOWN, IT mhL BE DONE TO A SMALi^ER WHOl,E INTEGER m% SO IT CAN 
BE DIVIDED DOWN TO MICRO-SECONDS, I, E, 31 MHZ, |0 MHS5, ETC, 
IT WILI* NOT BE SliQlED DOWN TO A FRACTION OF A MHX, 

THE INTERVAI^ TIMER CONSISTS OF A i2»BlT tOAOABl^E PERIOD 
REGISTER AND A 12*BIT READABl,E INTERVAt COUNTER, THE INfERVAL 
TIMER CAUSES A VECTOR INTERRUPT feHEN THE INTERVAli COUNTER 
MATCHES THE PERIOD REGISTER, THE OTHER f OUR »CLOCRS« DIFFER 
FROM THE INTERYAI. TIMER BUT ARE SIMII^AR TO EACH OTHER, EAOW OF 
THESE "CLOCKS" CONSISTS OF A S9«»IT UNSIGNED DOUBI.E PRECISION 
INTEGER WITH THE BINARY POINT BETWEEN BITS 23 AND 24 OF THE 
SECOND WORD. THE CWCKS ARE READABLE Bt SPfiCiAI, INSTRUCTIONS 
ON INTERNAIj DEVICES TIM OR MTR, THUS THE SOFTWARE CAN ADD A 
DOUBI4E PRECISION BASE WITH 0NE^OWBI.E PRECISION INTEGER ADD 
(OADD), IN ORDER TO SAVE HARDWARE, ONt If THE LOW ORDER 16 BITS 
or THE 59«BIT QUANTITIES ARE IMPI.EMENTEO IN HARDWARE, THE REST 
OF THE Integer PART IS stored in ME«0R5f in double words in THE 
EPT AND UPT, tHE l,OW ORDER 12 BITS ARE AliWAXS ZERO AND ARE 
RESERVED FOR A FUTURE MACHINE WHICH MkX WANT TO COUNT AT A 
HIGHER RATE THAN THE KWO, THESE 16-8IT REGISTERS ARE 
CtiEARABliE BUT CANNOT BE DIRECTLY liOADED, UNLIKE THE INTERVAL 
TIMER, THESE «CLOCKS» NEVER GENERATE SOFTWARE iNTERRUPfS, 
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2. TERMINOLOGY 

2.1 PROGRAM INfERROPf 

AN llTEBRUPf OF TEE SgaUENCfi OF CPU isSTRPCf IONS CAS OPPOSED TO 
MICROSCOPE INSTRUCTIONS) IN RESPONSE TO AN EXTERNAl, EVENTi 
USUAMJf AN 10 DEVICE, PROGRAM INfERRUPfS ARE PISTINGUISHED 
FROM TOP FUNCTIONS III THAT THE PROGRAM IS UNAWARE OF TKE^ 
OCCURRENCE OF THE i,ATlE8, 

2.2 PI 1»7 INTERRUPT REQUEST 

A SIGNAL THAT AN EXTERNAL DEVICE REQUIRES SERVICE, THE ACTION 
TAKEN ay THE EBOX MAf BE EITHER AN lOP FUNCTION OR A PROGRAM 
INTERRUPT, THE SOFTWARE CAN ENABLE AND DISABLE THESE SIGNALS, 

2.3 PI INTERRUPT REQUEST 

A HIGH PRIORITY SIGNAL THAT AN EXTERNAL DEVICE CDTE20) REQUIRES 
SERVICE {HIGHER THAN PI 1-7), THE ACTION TAKEN i¥ THE EBOX CAN 
ONLy BE AN lOP DATA!, DATAO, OR BITE TlANSFBR, 

2.4 METER UPDATE REQUEST 

A HIGH PRIORITY SIGNAL THAT AN INTERNAL DEVICE (MTR# TIM) 
REQUIRES SERVICE (HIGHER THAN PI O*?). THE ACTION TAKEN BY THE 
EBOX IS TO DETERMINE WHICH COUNTER HAS OVERFLOWED, READ AND 
CLEAR IT, AND ADD ITS CONTENTS TO THE APPROPRIATE? EPT OR UPT 
OaUBLE WORD, 

2.5 MBZ 

m% IS AN ABBREVIATION FOR MUST BE ZERO, IT IS USED IN 

INSTRUCTION FORMATS FOR UNUSED FIELDS, THESE FIELDS MUST »E 

ZERO BECAUSE THEY ARE RESERVED TO DIGITAL FOR FUTURE USE BY 
MlCRO»CODE OR HARDWARE ON THE KLIO OR FUTURE MACHINES, 
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2,i E8DX iUSy flME 

WHII,E f HE EBOX JS WORKING, THE ACCOUNflHG METER INCREHEKfS AT 
HALF THE SYSTEM GI^OCK BATE. HOWEVER, IF THE EBOX CMCK IS 
SUSPENDED, TO »AIT FOR CO«Pl,ETION OF A MEMORY REFERENCE (EITHER 
CACHE OR CORE MEMORY), THE ACCOUKTING METER STOPS RECORDING 
EBOX BUSY TIME, IN ADDITION* NO EUSY TIME IS RECORDED DURING 
PAGE REFILLS, OR Pl CYCLES, THUS* SaOX BUSY TIME IS AN 
ACCOUNTING MEASURE OF THE USEFUL WORK A USER OBTAINED FROM THE 
EBOX I,E,f ALL USER MOOE AND MONITOR CAI»li TIME, THE MONITOR 
MAY CHOOSE TO INCLUDE OR EXCLUDE (U EXEC MODE PROGRAM 
INTERRUPT TIME AND/OR (2) EXEC MODE TIME WITH NO INTERRUPTS IN 
PROGRESS, 

2.7 MlOX REFERENCE COUNT 

EACH REFERENCE BY THE ESOX TO THE MBOX FOR A MEMORY WORD (CACHE 
HIT OR MISS) IS A SEPARATE M»OX REFERENCE, AC RErERENCES 00 
NOT GO THROUGH THE MBOX AND SO DO NOT CONTRIBUTE TO THE M80X 
REFERENCE COUNT, THE MBOX MAY REFERENCE CORE MEMORY I, 2, 3, 
OR 4 WORDS AT A TIME IN RESPONSE TO A SINGLE EBOX ReOOEST, THE 
MBOX REFERENCE COUNT IS ONLY COUNTED ONCE FOR EACH EBOX 
REaUEST, WRITE BACKS OR CHANNEL REFERENCES ARE NOT PART OF THE 
MBOX REFERENCE COUNT EITHER, THUS THE MBOX REFERENCE COUNT IS 
A REPEATABLE MEASURE OF THE USEFUL WORK DONE BY THE MBOX FOR 
THE CURRENT PROGRAM, 

2.8 CHANNEL BUSY 

A CHANNEL IS BUSY If IT IS ACTUALLY TRANSFERRING DATA OR 

WAITING FOR LATENCY, IT IS NOT BUSY IF ALL THE ATTACHED UNITS 

ARE IDI-E OR auST SEEKING, CHANNEL BUSY IS MEASURED WHEN THE 
CHANNEL RECSISTER IS FULL, 
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3« GOAl^S 

1, PROVIDE THE MONIfOR WITM A PROGRAMMABI.E PERIODIC SOURCE 
or INTERROPfS FOR REAL flME SCHEOUl,IKg AND PAGE 
MANAGEMENf, 

2, PROVIDE fME MONIfOR WITH A 1 MICROSECOND RESOI^OTION 
TIME BASE WITH DRIFT OF tESS THAN 5 SECONDS IN 24 
MOURS, THUS CORRECTION USING POWER him FREaUENCy 
CI.OCK IN FRONT END PDP»iI 1$ NEEDED ONIiX AT MIDNIGHT, 

3, PROVIDE THE MONITOR WITH A REPRODUCIBliE MEASURE Of A 
USER PROGRAM EXICUTION, THIS MEASURE MUSTCWSEI,r 
REFl^ECT AVERAGE RESOURCES USED BUT BE INDEPENDENT OF 
CACHE MISSES, MONITOR INTERRUPTS, HARDWARE PAGE TABLE 
REWADS, MONITOR CAt»l*S (IF DESIRED3, RAGING ClF 
DESIRED) AND SYSTEM MAD, IT SHOULD NOT BE POSSIBl^E 
FOR A MIMCIOUS USER TO ESCAPE CHARGES, A 1% VARIATION 
IS TOl,ERABl*E OVER THE MAXIMUM RANGE OF SYSTEM I.OADS, 

4, THE ACCOUNTING MEASURE MUST BE EASIfeY COMPARABLE TO 
OTHER SYSTEMS (KI AND COMPETITION) FOR PURPOSES OF 
BENCHMARKS AND COMPARISONS, 

5, PROVIDE FOR PERFORMANCE ANALYSIS MEASURES FOR PURPOSES 
or IDENTIFYING HARDWARE AND SOFTWARE BOTTLENECKS NOT 
EASILY OBTAINED STRICTLY WITH SOFTWARE, SPECIFICALLY 
CACHE PERFORMANCE, I/O OVERLAP, AND INTERRUPT TIME 
SHOULD BE MEASURABLE, SUCH PROVISIONS WILI, HELP THE 
CUSTOMER MAKE THE BEST UPGRADE DECISIONS AS HIS LOAD 
INCREASES, 

7, USE A MINIMUM OF DEVICE CODES (ONLY TWO), USE ONLY 
INTERNAL DEVICE COOES AS OPPOSED fO USER DEVICE CODES 
SO I/O OPCODE SPACE CAN BE RECLAIMED IN A FUTURE 
MACHINE, 

8, TO HELP DIAGNOSING TO THE BOARD LEVEL, THE KLIO CLOCKS 
BOARD AND PI BOARD WILL BE KEPT SEPARATE, EVEN AT THE 
COST OF EXTRA DIPS AMD E6U5 LOADING, HOWEVER THE 
SEPARATION OBJECTIVE WILL BE SACRIFICED IF NECESSARY IN 
ORDER TO FIT THE KLIO CLOCKS AND PI SYSTEM ON TWO 
BOARDS TOTAL, 

f, PLAN FOR FUTURE MACHINES WHERE CLOCK RATES MAY BE 

w ASTER, 
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4, NOK-GOALS 

1, THE M1CR0*C0DE WILL NOT BE ABLE TO AFFECT THE USfiR 
ACCOUNTING MEfiHS EXCEPT TO TURN THEM ON AND OFF, THUS 
FUTURE VERSIONS OF THE MICRO-CODE OR FUTURE MACWINfiS 
WILL GENERALLY GiNERATE DIFFERENT CHARGES FOR 
INSTRUCTIONS, 

2, LONG TERM POWER LINE CLOCK IS NOT PROVIDED, THE FRONT 
END WILL PROVIDE, 

3, DO NOT PROVIDE PERFORMANCE ANALISIS INFORMATION WHICW 
CAN BE GATHERED EASILIBf PURELI SOFTWARE TECHNIQUES, 

4, WE DISCUSSED AN INTERMEDIATE 4*BIT REGISTER TO 
ACCUMULATE ACCOUNTING COUNTS IN ORDER TO PREVENT DOUBLE 
ACCOUNTING OF INTERRUPTED INSTROCf IONS, WE HAVE SINCE 
DECIDED HOT TO HAVE THE 4*SIT REGISTER SINCE »E 
ESTIMATE THAT ^HE NUMBER OF INTERRUPTS WILL iE LESS 
THAN 5000 PER SECOND. THUS INTERRUPTS WILL CAUSE 
VARIATIONS, lUT WE THINK IT «ILL BE WITHM 1% GOAL, 

5, ONL¥ i SET OF KLIO CLOCKS CAN BE PROVIDED PER CPU, 

6, THE KLIO CLOCKS ARE REQUIRED AND CANNOT BE OPTIONALLT 
LEFT OUT OF EACH CPU ON 1080, 2040, OR 2020, HENCE THE 
OPTION DESIGNATION 0K20 IS NOT USED, 

7, THE CLOCK DIVIDER FROM 12 MHZ (OR WHATEVER THE FINAL 
CLOCK RATE IS J TO 1 MHZ WILL NOT BE PROGRAMMABLE, THUS 
IF MACHINE IS SLOWED DOWN AT A PARTICULAR INSTALLATION, 
ALL OF THE CLOCKS ARE SLOWED DOWN TOO, 

8, MAINTENANCE OF TIME BASE OVER POWER FAILURE S¥ USE OF 
BACKUP POWER SUPPLY WILL NOT BE PROVIDED, ALSO THE 
TIME BASE MAY STOP IF KLIO HALTS QR EBOX CLOCK STOPS, 

J, THE KLIO CWCKS WILL NOT PROVIDE THE SYNCMROMIZATION 
BETWEEN THE CPUS IN A MULTI»PROC€SSINGi SYSTEM, INSTEAD 
EACH CPU SHOULD BE ABLE TO RECEIVE ITS BASIC MACHINE 
FREQUENCY FROM A MASTER CPU (UNDER PROGRAM CONTROL), 

10, PROBE INPUT FROM TTL PART OF MACHINE WILL NOT BE 
PROVIDED, SINCE IT WOULD REQUIRE SYNCHRONISERS WHICi 
WOULD BE TOO MANY DIPS INCLUDING TIL POWER, 

11, PERFORMANCE ANALYSIS OF MULTIPLE EVENTS WILL NOT BE 
VERY ACCURATE, 8BCAUSI THE TRIGGER CIRCUIT IS PUT ON 
THE BOOLEAN EXPRESSION OBTPIIT INSTEAD OF EACH OF THE 22 
INPUTS, THIS WOULO HAVE COST II DifS, 

12, A USER INSTRUCTION WILL NOT BE PROVIDED TO READ ANY 
CLOCKS DIRECTLf, 
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5, PROGRAMMING COMMON fO Ail, 5 ChQCm 

MOST OF fHE TEADlflONAI. CONfROI* FliAGS ARE COHCOTRATEO IN fHE 
MfR REGISfER rOR All, Of THE § C1.0CK5, 

5,t SET Kl.10 Ct,0CK EMAfiLBS 
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INTERRUPT ASSIGNMENT 



MBZ^ 



—26 CTBCtEAR TIME BASE CHAR0iARE ONLX) 
•• 2S TTBN TURN TIME BASE ON 
—24 TTBf TURN TIME BASE Orr 



11 
It' 



23 f AMN TURN ACCOUNTING METERS ON 

22 EENPA ENABLE EXEC-MODE NO PI ACCOUNTING 

2 J EEPA EKABliE EXEC-MOOE PI ACCOUNTING 



20 MiZ 

18 I.AMB I.OAD ACCOUNTING METER BifS C 21*23) 
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5,2 READ KMO Cl^OCK ENA»I,ES 
COlfl MTR, E ihm 9 
com MTR, 1 (RH) 
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IU rU— 23 AMD ACCOUiTING METERS ON 

III !♦•— 22 ENPAE EXEC-MOPE MO PI ACCOU»TlMg EMAil,EO 

Ui t— - 21 EPAE EXEC-MODE PI ACCOU!9T|»6 SNABtED 
-UI 
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5,3 DEfAIliEO DESCRIPTION OF COJSO/CONI MtR, 
Blf SlfM&Oi, DESCRIPTION 



0»t7 

18 hkm 



19-20 

21 mvk 



EPAE 






23 



EEKPA 



BNPAE 



fftMN 



AMO 



CON! I 

CONOI I.OAD ACCOUNTING MEtER illS 21-23 - I 
MEANS CHANGE THE STAfE OF fHE ACCOONTING MEfiR 
EUABI^ES TO WAT SPEClflED 8f CONO BITS 21 •ai, 
A MEANS DO Not CHANGE THE STATE Of THE 
ACCOUNTING METER ENABI^ES, 



CONI? 
CONOS MBZi 



CONIJ 



CONOl ENAWiE EXEC-MODE PI ACCOUNflNG • IF 
LAMBS J, A I MEANS ENABLE ACCOUNtING WttEN A«f PI 
JS IN PROGRESS IN EXEC MODE (IN ADDITION TO 
ACCOUNTING IN USER MODE WHETHER A PI IS IN 
PROGRESS OR NOT) , 

CONIl EXEC-MODE PI ACCOONTING ENABLED • A 1 
MEANS ACCOUNT ING IS EHAiLED WHEN mt PI IS IN 
PROGRESS IN EXEC MODE CIN ADDITION TO USER MODE 
WMEfHER A PI IS IN PROGRESS OR NOT). MOWEVgR 
TflE ACCOUNTING MITERS MUST ALSO Sg TURNED ON 
CAMOsI) IN ORDER TO COUNT, A MEANS 
ACCOUNTING IS DISABLED WHEII ANY PI IS IN 
PROGRESS IN EXEC MODI, 

CONOl ENABLE EXEC-MODE NO PI ACCOUNTING* IF 
LAMB s 1, A i MEANS ENABLE ACCOUNTING WHEN NO 
PI IS IN PROGRESS AND CPU IS IN EXEC MODE, 

CO»I? IXEC^MOOEM PI ACCOUNTING ENA8LE, Al 
MEANS ACCOUNTING IS ENABLED IN EXEC •MODE WHEN 
THERE ARE NO PIS IN PROGRESS, 

COKO? TURN ACCOUNTING METERS ON • A I MEANS 
TURN ON f HE ACCOUNTING METERS, THE ACCOUMTING 
METERS MILL COUNT (13 WHEN THE CPW IS IN USER 
MODE MMEfHER PIS ARE IN PROGRESS OR NOT AND 
(2 J, IF ENPAIsi, WHEN THE CPU IS IN EXEC MODE 
WITH MO PIS IN PROGRESS AND (33 IF EPAEsl, mm 
IN EXEC MODE WITH Pis I» PROGRESS, A MEANS 
TURN OFF THE ACCOUHTIHS METER NO MATTER THE 
MODE OF THE CPU, 

CONIl ACCOUNfING METERS ON • A i MEANS THE 
ACCOUNTING METERS ARE ON, THE ACCOUNfING METER 
WILL NOT COUNT UNLESS If IS TURNiD ON, A 
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MEANS THE AGCOUNTINa MEfgR IS Off. 

2 4 Iter coNo* fum time base off - a i means wm 

TIME BASE OFF, IF TTif AKD TfiN ARE 0, DON'T 
AFFECT THE SfATg OF THE TIME BASE NOfEj TFTB 
AND TNT» MAf NOT BOTH BE 1, 

COHIt 

2S TfBN CONOI fURM TIME BASE ON - A I MEANS TURN TIME 

BASE ON, IF TfBF AND TTTBM ARE 0, DON'T AFFECT 

THE STATE OF THE TIME lASE, NOfi! TTBF AND 
TTBN MA¥ NOT gOTH iE I, 

TiO CONII TIME BASE ON -A I MEANS THE TIME mm 
IS ON, A MEANS THE TIME BASE IS OFF, 

2^ Cfi CONOI CI,EAR TIME BASE • A 1 MEANS CfeEAR TIME 

BASE, ONIiY THE HARPWARg RECpilTER IS CtiEAREOk 
THE SOFfMARE MUST AiiSO CI*EAR THE CORE I.OCATIONS 
IN THE EPT* THIS MUST BE DONE WHEl* THE TIME 
BASE IS TMRNED OFF TO BE RACE FREE, THIS 
SHOOl^D NOT BE A PROBLEM SINCE THE TIME BASE 
Wltl, BE CIiEAREO AT SfSfEM STARTlIP ONt.y, 

CONII 

2!*32 CONOI MBZ? CONlS 

I3»3§ PIA CONOl PRIORITI INTERRUPT ASSIGNMENT FOR 

PROaRAM INTERRUPTS FOR THE; INTERVAL TIMER, A 

MEANS THAT NO INTERRUPT ASSIGNMENf HAS BEEN 

GIVEN, SO THAT NO PROGRAM INTERRUPTS ARE 

GENERATED* HOWEVER AW. TURNED ON CLOCKS WILL 
CONTINUE TO INCREMENT EVEN IF PIAsO, 

PIA CONII PRIORITI INTERRUPT ASSIGNMENT • READS 
THE PRIORITI INTERRUPT ASSIGNMENT SET BY THE 
LAST CON© MTR, 
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6, intervaij timer 

6,1 INfERVAi TIMER SUMMARY 

fHE INTERVAI. TIMER PROVIDES A PROGRAMMABLE SOURCE OF INTERRUPTS 
FROM 10 MJCROSECONOS TO 40,96 WfcLISECOMOS ASD IS SIMIMR TO 
THE 0KIO, If IS OSB0 FOR REAI. TIME APPIilCATIOKS AND FOR PAGE 
MANAGEMENT if THE OPERATING SYSTEM. ir IS OESIGNED SO THAT A 
REAL TIME DEADLINE SGHeoaiiER WITH VARXIHG OEAOI.IMES CAN m 
IMPliEMENf ED, THE NEW DEADIiIHE IS SET WITH RESPECT TO THE TIME 
or THE PREVIOUS INTERRUPT REQUEST AND IS INDEPENDENT OF HOW 
IiONG THE INTERRUPT ROUTINE TAKES TO RESET THE PERIOD REGISTER, 
THE INTERVAI, TIMER IS TURNED ON BY CONO TIM, ITO (INTERVAl. 
TIMER ON), RESIT AND CONO TIM, WITH ITOlsO, TURN OFF THE 
iNTERVAIi TIMER SO THAT IT NO fcONGER INCREMENTS COR INTERRUPTS), 
PROGRAM INTERRUPTS MAY SE DISABliED WHILE THE CLOCK CONTINUES TO 
COUNT B¥ LOADING 6 IN BITS 33-35 OF CONO MfR,, If IS THE ONLX 
KLIO CLOCK FUNCTION WHICH GENERATES PROGRAM INTERRUPTS, A CONO 
TIM, E LOADS BIT 24-3$ OF E INTO THE 12-BIT PERIOD REGISTER, A 
12-BlT INTERVAL COUNTER IS INCREMENTED EVERX MICROSECOND^ WHEN 
THE INTERVAL COUNTER COMPARES EaUAL TO THE PERIOD REGISTER, THE 
INTERVAL TJMSR RESETS THE INTERVAL COUNTER TO 0, SfiTS INTERVAL 
TIMER DONE (ITD), AND REftUESTS A VECTOR INTERRUPT TO EPT 
LOCATION EPTITV (EXEC PROCESS TABLE • INTERVAL TIMER VECTOR s 
S143 , SEE CRAPTER 2,f , EXEC AND USER PROCESS TABLE (EPT, Upf ) , 
THE SOFTWARE MUST CLEAR INTERVAL TIMER DONE, B¥ A CONO TIM, 
CITD, THE SOFTWARE MAY OPTIONALLY CLEAR THE INTERVAL COUNTER 
WHEN THE PERIOD REGISTER IS LOADED BY THE CONO TIM, E IF THE 
CIC (CLEAR INTERVAL COUNTER) BIT IS SET, A CONI TIM, E READS 
THE 12-BIT INTERVAL COUNTER AT ANY TIME WITH BITS 0*5 ZERO FOR 
EASY COMPARING, FOR DIAGNOSTIC PURPOSES, THE RH OF CONI MTR, I 
READS THE 12»»IT PERIOD RiGISfER, 

TO BILP THE SOFTWARE DETECT THE PROGRAMMING ERROR Of LOADING 
THE PERIOD REGISTER WITH A NUMBER WHICH IS LESS THAN OR EQUAL 
TO THE CURRENT VALUE OF THE INTERVAL COUNTER, AN INTERVAL 
COUNTER OVERFLOW CICO) INTERRUPT IS I^ROVIDED WHEN A CARRY 
OCCURS OUT OF THE MOST SIGNIFICANT BIT, CLEARING THE INTERVAL 
TIMER DONE FLAG CCONQ TIM, CITO) CLEARS BOTH BITS, 
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6.2 SET INfERVAL TIMER PERIOD REGlSfBR 

CQNO TiMrE 
18 35 

♦ ■♦■+.+■,♦■:+■■•♦'. 
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.ill .ill 

111 .. ii^** 23 mz 

Ul !♦••• 22 CITD • Ci^EAR ISfERVAL TIMER DONE 

lu +•— 21 ITO - INTERVAL TIMER OM 

ill 

I If 20 m% 

i+*»* 19 MBZ 

4»,,. 18 ciD CI*EAR IMIERVAI, COONfER 

6.3 READ WTERVAli TIMER 

COKI T1M,E IhM) 

I 

5 6 7 

^ 10 w^-^ 9^ -^ W- 11$ 9it 9 1)^ w^ ^ '^''tm-'ii^ ^0t it^ 0$ 9llf ^^ 1^ ^■■Wft w ** ♦ ^ 

10 OilMfERVAl, COUNflR (12) I 

CONI TIM,E (RH3 

1 2 2 2 2 3 
8 13 4 S 

10 1 I PERIOD REGISTER (12)1 

111 
Jit 

il+»» 23 ICO INTERVAL COUNTER OVERFM» 
{+•••22 ITD INTERVAI^ TIMER DOME 
^..••« 21 ITO IMTERVAL TIMER ON 
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7* FUNCTIONS COMMON TO THE F0UB39.BIT CLOCKS 

THE FOUR S9-BIT CLOCKS, (TIME BASE, EBOXBUSJ, MBOX REFERENCE 
AND PERFORMANCE ANALySIS) ALL HAVE THE FOLLOWING FUNCTIONAL 
OESCRIPflOK IN COMMON, EACH OF THE CLOCKS IS READABLE Bf A 
SPECIAL DOUBLE PRECISION INSf RUCTION, THE ilNARI POINT OF THE 
ONSiaiiED DOUBLE PRECISION INTEGER IS lEf WEEN ilTS 59 AND 60 
I,E,, Bits 23 AND 24 OF THE SECOND WORD, THE FORMAT IS THE 
SAME AS THAT FOR DOUBLE-PRECISION INTEGERS, 1,6,, SIGN SIT, 
(»0) PLUS 70 BITS, WITH BIT OF SECOND WORD ALWAYS BEING 0» 
THUS A FUTURE MACHINE CAW COUNT Af A FASTER RATE AND PROVIDE A 
COMPATIBLE CLOCK FORMAT, 

IN ORDER TO SAVE HARDWARE, ONLY THE LOW ORDER 16 BifS OF EACH 
CLOCK ARE MAINTAINED IN HARDWARE, EACH HAS A CORRESPONDING 
DOUBLE WORD IN A PROCESS TABLE, WHICH CAN BE REGARDiO AS THE 
VALUE OF THE FULL CLOCK AT THE MOST RECENT TIME THE HARDWARE 
COUNTER HAD 0, THE TIME BASE AND PERFORMANCE ANALySiS COUNTER 
ARE PER-SYSTEM QUANTITIES AND SO ARE STORED IN THE EFT, WHILE 
THE EiOX BUSY AND MBOX REFERENCE ARE PER-PROCESS OUaNTITIES AND 
SO ARE STORED IN THE OPT, THE INSTRUCTIONS TO READ EACH CLOCI^ 
READ THE I $«»BIf HARDWARE COUNTER, ADD THE DOUBLEWORD FROM A 
PROCESS TABLE, AND RETURN THE SUM At E AND E+I, AS A DQOiLE 
PRECISION INTEGBR WITH THE BINARY POINT BETWEEN BITS 23 AND 24 
or THE SECOND WORD, 

31 I 23 24 3S 

UPT/EPT (36) iOI UPT/EPT+l 10 (12) 

■*^ Wf Wf ^f ^' "W "^ fl|».^^ flP MR |w ^f f^^t w^^^|^^■w^ (H^^pf'i^^ W^ ^ff 

ADD TO ABOVE HARDWARE CTR (16) 

YIELDS! 
3i 1 21 24 3S 

E t3§) iOi Etl (23) iO (12) 

WHEN THE U»8IT REGISTER IS "HALF FULL" (IE, THE HIGH-ORDER BIT 
IS 1), IT POSTS A REOUEST FOR SERVICE BY THE MICROCODE, AT ITS 
NEXT OPPORTUNITY, THE MICRO-CODE READS AND CLEARS THAT 
REGISTEB, AOOIMG ITS CONTENTS TO THE APPROPRIATE DOUBLE WORD IN 
THE PROCESS TABLE, THUS NO PI LEVEL IS ASSIGNED TO THE 
INCREMENT FUNCTION, THE APPROPRIATE CLOCK MEMORY WORD IS 
ALWAYS UPDATED (IF THE CLOCK IS TURNED ON) NO MATTER WHAT THE 
STATE OR LEVEL OF THE PI SYSTEM. THUS THE SOFTWARE NEVER HAS 
TO WORRY ABOUT THE RACE CONDITION WHEN READING A 60-fiIT CLOCK, 
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a, TIME iASi 

8.1 TIME BASE SUMMARY 

TME TIME iASE PROVIDES A i9-IIT MICROSECOND SOURCE OF ELAPSED 
flHE, A RDTIMEE READS THE S9*BIT RELATIVE TIME Of OAX INTO g 
AND E+i, THE HIGH ORDER 36 BITS ARE KEPT IN WORD EPTTB (EXEC 
PROCESS TABLE ^ TIME BASE » SIO) Of THE EPT, THE LOW ORDER 23 
BITS ^RE KEPT IN BITS 1-23 OF WORD EPfTB*| OF THE EPT, THE 
TIME BASE IS TURNED ON i¥ A CONO MTR, TTBN, THE TIME BASE IS 
TURNED OFF B¥ RESET AND 8¥ CONO MTR# TfBF, 

5. 2 READ TIME BASE 

RDTIME E 

READS S9-BIT TIME BASE IN MICRO SECONDS INTO E AND B*l AS A 
DOUBLE PRECISION UNSIGNED INTEGER WITH BINARY POINT BETWISN 
BITS 23 AND 24 OF tHE SECOND WORD, 

® 35 1 23 24 3i 

EPTTB (36) fOJ EPTTB+1 C23) 10 (12) 

■ '•^ • W^' W^ W? ^ ■*» *• ^. 9 ^9flt^^Wf^W!99''tf ■ 

ADD TO ABOVE TIME BASE CTR iU) 

YIELDS? 
31 1 23 24 3§ 

E(3§) J04 £*SCi3) JO (12) 
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9, ACCOajfflNG METERS 

f, I ACCOUNTIKG MEfERS SUMMARY 

THE ACCOUHTIMG METERS FROVIDK AN ACCURATE ANO RSPRODUCiBfcE 
MEASURE OF THE AMOUNT OF PROCESSOR RESOURCE USED INDEPENDENT OF 
THE YARIAflOK CAUSED »y THE CACHE, 

THE EBOX SUSY COUNTER COUNTS AMERNATE SYSf EM Cl»OCK TICKS FOR 
WHICH THE EBOX IS BUSY, »HiN THE 0USy COUNTER IS HAI^F FUUI., A 
REQUEST IS MAOE TO km ITS CONTENTS TO A OOUBtE WORD IN HEMORY 
ANB CiiEAR THE COUNTER, INSTEAD OF COUNflllG EVlRy Ci*OC*C flCICf 
ONLI EWRy OfHBR ONE IS COUNTED BECAUSE OF THE DIFFICUIiTX OF 
COUHTING AT 32 MHZ, A RDEACT E READS THE §9*B1T QUANTITY INTO 
E AND Etl, 

THE MEMORY RSPERiNCE CGYCl-E) COWHfER KEEPS A 59-»lT COUNT OF 
THE NUMBER OF J^OGlCAl, MEMORY REFERENCES MADE BY THE EBOX# 
WHETHER A CACHE HIT OR A MISS, ONfcY REOUESTS MADS BY THE EBOX 
ex THE CURRENTliY RUMNING PROGRAM ARE COUNTED, THE ACCOUMflNa 
METERS DO NOT COUNT DURING PICYCi.ES CDTE DEX REGUESTS • omiO 
EXAMINE, DEPOSIT REQUESTS? DTE20 BYTE TRANSFERS, INTERRUPTS 
MHICH EXECUTE A SIKGM INSTRUCTION), CHANNEL MfiMORY REFiRENCSS 
ARE NOT COUNTED, AC REFERENCES ARE NEVER COUNTED, WRITE-BACKS 
AND MUl*TlPt»g WORD FEtCHiS ARE NOT COUNTED SllCg THEY ARE 
INlf lATED BY THE MBOX RATHER THAN THE EBOX, A RDMACT E READS 
THE 5f»iIT QUAMflfY INTO E AND E*l, THE ACCOWTWG METERS ARE 
TURNED ON FOR THE SYSTEM BY A CONO MTR, I*AMB+TAM», RESET AND 
CONO MTR, I,A1B+AM0 WITH AMOsO TURN TEE ACCOUNTING CLOCKS OFF, 

IN ORDER TO GjVE MEANINGFUL CHARGES, USERS WILL BE GIVEN A PAIR 
OF iUMBERSl EBOX CYCLES CE3 AND MBOX GYei.ES (MJ, IN ORDER TO 
REPORT SECONDS OF CPU TIME USED, THE SOFTWARE IS IXPECffiD TO 
USE THE TWO NUMBERS, B AND «, IN THE FOLLOWING FORMULAi 

SECONDS KL 10 TIME « X#E ♦ A»M 

WHERE A IS THE AVERAGE FRACTION OF A SECOND REOUIRED TO MAKE ft 
SINGLE LOGICAL MEMORY REFBRENCi AND X IS TWICE THE PERIOD OF 
THE SYSTEM CLOCK t 

X « 1/16 000 000 

A a 1/ 2 SOO 000 (APPR0X3 

"A" WILL BE DETERMINED EMPIRICALLY WHEN THE MACHWE IS RUNNING 
USING THE PERFORMANCE ANALYSIS COUNTER ON THE DEVELOPMENT 
MACHINE, 
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«HEII fHE ACCOOHTING MitERS ARE TURNED ON, fHEI ARE Afc«A¥S 
ENABLED TO COUNT WHEN THE CPU IS IN USER MOOE EVEN If PlS ARE 
IN PROGRESS, THE OPERATING SJSTEM Can ENA»i»E THE ACCQUNTIiG 
METERS TO COUNT WHEN THE CPU HAS Pf tEVEIiS IN PROGRESS AND/OR 
TO ACCOUNT IN EXEC MODE WITH NO PI'S IN PROGRESS, 

NOTE THAT PI AND PI C«Cl*SS (E.G., THE INSTRUCTION AT 40+2i) 
ARE NOT INCfcUDEO, 

AS FAR AS THE ACCOUNTING METERS ARE CONCERNED, THE CPU IS IN 
ONE OF THE rOljWWING 3 STATES CX,y,&)? 



PI IN PROGRESS EXEC MODE 



USER MODE 



t»7 

NONE 






X 

X 



THE ACCOUNTING METERS COUNT THE STATES MARKED X WHENEVER THE¥ 
ARE TURNED ON, THE SOFTWARE CAN SEliECTIVEI,¥ gNABI^E FOR If 
AND/OR Z BY A CONO MTR, DATAO PAG, tl,UiR3 CUT 2 S I) liOADS THE 
USER 8ASB REGISTER, AND UPDATES THE ACCOUNTING CliOCKS IN THE 
Oi,D UPT, CLEARING THE HARDWARE COUNTERS, THUS THE CONTEXT 
SWITCH IS PERrORMED WITH ONE INSTRUCTION, WHEN THE SfSfEM IS 
FIRST STARTED UP, THE SOFTWARE MUST SET INHISIT STORING 
ACCOUNTING METER (DATAO PAS, ISAM) CilT 18 B I) ON THE FIRST 
DATAO PAG WHICH MADS THE W8R, SO THAT EXEC LOCATIONS UPTEBM, 
UPTEBM^i, UPTMRM, UPTMRM+l (SU4-507) 00 NOT GET WRITTEN INTO, 
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S^2 ENABl,m<5 tm ACCOUNTING MEIERS 

SEE SBCf JOM § WHERE COHO MfR, IS pgSCRIiEO, 

9,3 SET CAN0 SAVE) ACCOUNflNG MEtERS 

fil tfBIf BEGlSfSR PARfS OF 0OfH OF fHE ACCOOMTJWG MEfgRS ARE 
SAVED FOR f Hi QhD USER If HIS liPf AN0 CLEARED FOR fHg WE» USiR 
AS PART or tHE CONffiXT SilfCH INSfRUCflON, DAfAO PAS, E, f«E 
OtD COiTCNfS OF fHE lS*iIT REGISTERS ARE SAVEP SY ADDING THEM 
10 THE APPROPRIATE OO0Bl,E WORO IN THE UPt AJ40 STORIMG THE 
RiSUfcT BACK, THE ESOX CI.OCK TICK METER IS SAVED IN UPfEBM 
(USER PROCESS TABliE • E80X »WS¥ METER e 5043 AS» OPfEBMfi, THE 
M80X REFERENCE METER IS SAVED 18 OPTMRM (aSER PROCSSS TAifcE • 
«BOX REFERENCE METER * S0§) AHD UPTMRMtl, 

DATAO PAGiE 



(SIS CHAPTER 2,6, IMTERMAl. DEVICES (APR, PI, PAG) FOR REST OF 
SPECIFICATION FOR DAfftO PAG,, 3 



23 3f 

USER BASE REGISTER 

■^p w^ ^w i^^ ^p ^^ 4^p {^p ^p" np ^^ ^^ ^p* ^p vH' W ^^ !•" 



12 3 17 18 19 22 
A B MBE 

i 

♦•• ISA» INHIBIT STORING ACCOUNTIMG METERS 

t— I^«iR 1,0AD USER iASE REGISTER 

CLEAR HARiJMARE PAGING MEMORif 

IF ilisO, UPDATE 01,0 USER ACCOUMTIMG METERS 

IN OIiO OPT, CLEAR HARBWARE COUNTERS, 
IiOAO UBR TO SELECT NEW WPf. 



9,4 DETAILIO DESCRIPflOM OF ACCOUNTING METERS (PATAO PAG,KJ 

BIT S¥MBOL DESCRIPTION 

0»1 SEE CHAPTER 2, 6» INTERNAL BiVICfiS, 

2 LUBR DATAOl LOAD USER BASE REGISTER • If I 

PERFORMS A COMPLETE CONTEXT SWITCH OF 
THE FOLLOWING OtlANTITIESl 

1, STORE OLD USER ACCOUNTING 
MITERS IN OLD UPT LOCATIONS 
UPTEBMf UPfEBM+l, UPT«RM, 
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0PTMR«*1 CUNl*ESS inHIBITED 8¥ 
ISAM) 

2, I*QAO USER BASE RESISfER 

CAO0RESS or UPf ) 

3, CfcEAR HAROWARi PA<SE TABl,E 

4» CI^EAR HARDWARE ACCOUNTlwa 
METERS rOR SEW WSSR, 

IV 0/ NOSE OF THE ABO¥E COMTEXT SWITCH 
rUNCflOiiS ARE PERFORMED, 

3*17 SEE CMAPfER 2,6, IMTERNAI. DEYICiS 

18 ISAM MTAOi XMHIBIT STORING ACCOaWTlNG 

METERS • IF I, DO JIOT STORE THE 

AccoysTiwa meters in the OhO UPT, tMlS 

rOSCflOM IS provided MAINLI rOR SISf EM 
StARTIUg iEfORi TMERE IS AM OiD UPT, 

19-35 SEE CHAPTER 2.6, INTERVAI, DEVICES 
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f, 5 READ EBOX ACCO0Nf 

RDEACT E 

READ S9»BIT EBOX BUSf MElER II«TO E AHO E+i AS A OOUiI*E 
PRECISION URSICINEP INfESER WITH BINARIf POJNf BlfWEEN BUS 21 
AND 24 OF THE SECOND WORD^ 

35 1 23 24 35 

UPTB8M CIS) JOI UPTEBM+l 10 (12) 

. 'Ip ^ff ^^ ^P -^^ ^p Mp VP' "W 'i|||it 4fv ^F ^Bf ip^ "PP' ^pi iPf" -flv WW "iw ^|f ^fr 

ADD TO ABOVE EBOX gUsr CTRCti) 

IlEliDSl 
3S I 23 24 3S 

£ C36) 101 Etl (23) 10 (12) 



9,6 READ MBOX ACCOUNT 

ROMACr E 

READ Sf»BlT MBOX REFERENCE METER INTO E A«D E+l AS A DOUBLE 
PRECISlOfl UNSIGNED iMfiSER WITH BIlfARlf POIllT BETWEEN SITS 23 
AND 24 OF TiE SECOND WORD, 

9 3S 1 23 24 35 

mmm (36) joi uptmrm+i c23) io (123 

^p ^ff ^F' '^■^P ?^ ^^'^F ^ff''!^ ^^ ^^ ^^ fl^ ^W ^P ^P' PP flP^^ ^B ^'^ 

ADO TO ABOVE MiOX REF CTR tl6) 

♦ W 'S* ^w •■ fc* 

® 35 1 23 24 35 

E C36) iOJ e+i (23) JO (12) 
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10, PERrORMANCE ANAliYSIS COUNTER 

to, 1 PERFOBMANCE ANAlifSIS COUNTER SUMMARY 

fHE PERrORMAHCE ANAI.YSIS COUNTER PROVIDES A TOOI. FOR STUOYlNa 
HARDWARE AND SOFTWARE PERFORMANCE OF THE SYSTEM, IT WII*Ii POINT 
TO MARDWARE AND/OR SOFTWARE BOTTLEHECKS, IT WII,L Hfilip THE 
CySTOMBR OECIDE WHAT PIECE OF EQUIPMENT TO OR0ER NEXT AS WIS 
I«OA0 

increasis, reports from t»e rieii0 wii,!, help hardware engineers 
decide what new components to design. other reports froh the 
.fiejjD 

nhk mw SOFTWARE ENGINEERS IMPROVE THE PERFORMANCE OF FUTURE 

SOFTWARE REliSASES, A ROPAC E (READ PERFORMANCE ANAl^YSIS CLOCKS 

*■■■■ 

BhKl TIH,E) READS T«E 60-llT 

PERFORMANCE ANALYSIS COUNTER INTO B AND E + 1, THE §0»SIT 

QUANTITY 

At MST IS KEPT IN EPT i^OCATIONS EPfPAC CEXEC PROCESS TABI^E - 

PERFORMANCE ANAIiYSIS COUNTER • §12) AND EPTPAC+1, 

THE PERFORMANCE ANAl,YSIS COUNTER HAS TWO MOOES, 

DURATION MODE AND EVENT MODE. TWENTY-THRig BOOI.EAN STATE 

SlGNAi, LINES OF THE MACHINE ARE BROUGHT TOGETHER ANp INPUT INTO 

A PROGRAWMABI^E BOOLEAN EXPRESSION, EACH STATE SIGNAL 

IS EITMER TRUE OR FALSE, IN DURATJON MODE, THE COUNTER 

COUNTS AT HALF OF THE BASIC MACHINE CLOCK RATE WHENEVER THE 

PROGRAMMABLE BOOLEAN 

iStPRESSlON ENABLE CONDITION IS TRUE, IN EVENT MODE THE 

PERFORMANCE ANALYSIS COUNTER INCREMENTS EVERY TIME THE BOOLEAN 

EXPRESSION CHANGES FROM FALSE TO TRUE, THUS GREAT CARE MUST BE 

USED IN INTERPRETING EVgNT COUNTS WHERE MORE THAN ONE STAfE 

SIGNAL. 

IS ENABLED, SINCE TWO OVERLAPPING STATE SIGNALS WILL COUNT ONCE 

INSTEAD OF TWICE, EVENT MODE IS INDICATED BY THE EVENT MODE 

CEM) BIT IN C(LOC) IN WRPAi LOC (WRITE PERFORMASCI ANALYSES 

ENABLES 

• BLKO TIM,LOC) A 1 MEANS EVlNT MODE, A 

©MEANS DURATION MODE, THE PERFORMANCE ANALYSIS COUNTER CAN BE 
CLEARED USING CLEAR PERFORMANCE ANALYSIS CLOCK BIT (WRPAi 
tCPACl), ■■ 

THE FOLLOWING 23 STATE SIGNALS EXIST} 

1, USER MODE (U 

2, PI LEVEL » i$) 

3, CACHE REFILL IN PROGRESS (1) 

4, CACHE WRITE BACK jN PROGRESS FOR EBOX CD 

5, SWEEP WRITE BACK IN PROGRESS (13 

6, EBOX TO MBOX REQUEST IN PROGRESS (I) 

7, MICRO-CODE EVENT IN PROGRESS CI) 

8, CHANNEL REGISTER a FULL (BUSY) (8) 

9, ECL PROBE I KPOf EVENT tn 
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TWO MICRO»COOE SPECIAL PUNCf IONS AI1I.OW fHE MICRO-CODE TO DEFINE 
ONE ARBITRARy STATE, ONE OF THE MICRO-CODE rWiCTlONS SETS THE 
MICRO-CODE STATE l^IflE TRUE AW0 THE OTHER SETS THE MICRO-COOE 
STATE I.INE FAtSE, THE PERFORMANCE AKAtlSIS COUNTER CAN BE 
TORMED OFF BY DISASl,I«a TERMS OF THE PERFORMANCE ALAI.YSIS 
EXPRiSSION «1TH WRPAE 1,0c, THE RECOMKENDED PROCEDURE IS 
WRPAEtOJ, IT IS INTENDED THAT THE SOFTWARE mm DYNAMICALLY 
PATCH THE MONITOR VIA A PRIVILEGED MONITOR CALL IN ORDER TO 
DiFlNE A PARTICWLAP SOFTWARE Sflffi SUCH AS NULL a08 RUfi«INa% 

THE PIRFORMAHCE ANALYSIS COUNTER COUNTS »HES THE FOLLO«I»a 
BOOLEAN EXPRESSION CHANGES TO TRUE CEVIMT MODE) OR COUNTS AT 
HALF OF THE BASIC MACHINE CLOCK RATE WHEN THE FOLLOWINS BOOLEAN 
EXPRESSION IS TRUE, NOTE THAT THE BOOLEAN EXPRESSION IS MADE 
UP OF THE AND OF 7 600LEAN SUBBXPRBSSIONS, THUS EACH 
SUBEXPRESSION MUST BE TRUE IN ORDSR FOR THE ENTIRE EXPRESSION 
TO SE TRUE, THE SOFTWARE INDICATES WHICH OF THE 23 STATE LINES 
IT IS INTERESTED IN BY SETTING A CORRESPONDINS iJT IN A WRPAE 
LOC, IF THE MEASUREMENT iBlNa MADE DOES NOT INVOLVE ONE OR 
MORE OF THE SUBEXPRESSIONS, THE SOFTWARE MUST ENSURE THAT THE 
SUBEXPRESSION IS ALWAYS TRUE BY SETTING ALL OF THE BITS IN THE 
SU81XPRESSI0N OR AT LEAST THE DON»T CARE BIT IN THE 
SUBEXPRESSION, A SOFTWARE DON'T CARE BIT IS NOT PROVIDED SINCE 
THE SOFTWARE STATE SIGNAL IS PROVIDED BY THE SOFTWARE 
ALTERNATELY TURNING THE PERFORMANCE ANALYSIS CLOCK ON AND OFF, 
WHEN CHANGING THE PATCHES, THE MONiTORING PROGRAM SHOULD FIRST 
DISABLE THEPERFORMANCE ANALYSIS CLOCK BY DOING A BLKO TIM,{Oj, 

CEXEC MODE OR USER MODE OR DDNT CARE3 

AND 

(PI OR PI i OR,,, OR PI 7 OR NO PIS IN PROGRESS) 

AND 

CCACHE MISS IN PROGRESS OR iBOX WRITE BACK IN PROGRESS 
OR EBOX TO MBOX REQUEST IN PROGRESS OR StEtP 
WRITEBACK IN PROGRESS OR CACHE DON'T CARE) 

AND 

CCHAWEI* COMMAND REGISTER FULL OR,,, CHANNEL 7 COMMAND 
REGISTER FULL OR CHANNEL DON »T CARE) 

AND 

(MICRO-COOE STATE OR MICRO-CODE STATE DON'T CARE 

AND 

(ECL PROBE INPUT STATE HIGH OR ECL PROBE INPUT STATE 
LOW OR PROBE DON'T CARE 



I. 


MO, 


2.. 


NO, 


3, 


NO, 


4. 


NO, 


5. 


NO, 


6. 


NO, 


•7, 


NO, 


8, 


NO, 


9, 


NO, 
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10.2 PERFORMANCE ANAl,lfaiSAPPI.ICATIONS -EVENT MODE 

IHE PERfORMANCE mkht$U COBNflR Wlfct ALt.O« PERFORMANCE 
AMAI^fSIS SOFTWARE TO COl*I.ECT COiNfS OF THE fOl^liOWIMG SISTEM 
EVENTS, NOTEl SINCE THERE IS ONW ONE COUNTER, OHht ONE OF 
THE FOl,I,OWI»G EVENTS CAN BE COUNTED ON A DATA COWiECHON 
EXPERIMENf I ■ ' 

OF TRANSITIONS TO EJCSC MO0E 
OF CUNNESTEDJ PI INTERRUPTS ON AMX CHANNEL 
OF INTERRUPTS ON PI CHANNEt N, 
OF CACHE MISSES 
OF CACHE WRITE BACKS 
OF CACHE MISSES AND IN USER MODE 
OF EBOX TO MtOX RiGUESTS 
OF CACHE WRITE BACKS AND IN USER MODE 
OF TIMES A PART1CUI,AR INSTRUCTION OR SET OF 
INSTRUCflONSi IS USED (REQUIRES MOOIFIE© MJCRO<0DSiJ 

10, NO, OF TIMES A SOFTWARE EVENT OCCURS CRgaUIRES THE 
MONITOR TO BE PATCHED) 

11, ETC , . 

10.3 PERFORMANCE AMAfelSIS APPLICATIONS •DURATION mm 

fHE PERFORMANCE ANAliYSlS COUNTER mhh Al-liOW PERFORMANCE 
ANAfcySIS SOFTWARE TO MEASURE THE PBRCiNT OF EMPSE0 TIME THE 
S¥STKM SPENDS IN THE FOLLOWING STATES, NOTE| SINCE THERE IS 
0»l.y ONE COONTER, OUht ONg OF THE FOLWMING STATES CAN IE 
COUNTED ON A DATA COl^liBCTTON EXPERIMENT, HOWEVER SfATIS, 
UNtIKE EVENTS, CAN BE THE AND OF SEVERAL OF THE S 
SUBEXPRiSSIONSi 

1, % TIME IN USER MODE 

2, % TIME IN EXEC MODE 

3, % TIME AT ANY PI LEVEL 

4, % TIME AT PI LEVEL 

5, % TIME DOING CACHE MISSIS 

6, % TIME DOING CACHE WRITE BACKS 

7, % TIME EBOX TO MSOX REQUEST IN PROGRESS 

8, % TIME IN NULL JOB 

9, % TIME IN NULL a08 AND ANJ CHANNEL BUSY 
10, % TIME IN NULL aOi AND CHANNEL N BUS¥ 
jl, % TIME DOiNG CACHE MISSES IN EXEC MODE 

12, % TIME At PI COtE20 SfTt TRANSFERS OR 
BXAMINE/DEPOSIT) 

13, % TIME DOING STRING INSTRUCTION (REQUIRES MODIFIED 
MJCRG-CODE) 

14fc % TIME WITH PROiE INPUT HIGH 
IS*. ETC% 
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10,4 READ PERFORMANCE ANAl-ysIS COUNTER 
RPPERF E 

READS 59«»IT PERFORMANCE kUAhYBlS COUNTER INTO E AND E+1 AS A 
DOUBLE PRECISION SIGNED CPOSITIVE) INIEGER WITH BINARY POINT 
lETWEEN BITS 23 AND 24 OF THE SECOND WORD, 

3S 1 23 24 35 

EPTPAC (36) J0| BPfPAC+i (123 

ADD TO ABOVE PERF ANAl, CTR (163 

YIEI^DS 
3i 1 23 24 35 

B t363 iOi Etl (233 (123 
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t0,5 WRIfE PEmrORMANCE ANALYSIS INABLES 
WRPAE E CLH) 



♦ "+♦♦ + + + 

III lU Ml ill III ill 

Ui III tu 111 U4 in 

III III JM ill Ml llf • 17 MIZ 

i I i 1 1 i i U III nil +— 16 COC CACHE DON ♦ T CARE 
Mi iU ill iU til +•-»• IS C#WB CACHE SWEEP WRJfE BACK li 

PROGRESS ON 0, I » IGNORE 
ill UIMt ill Mi 
1 1 i I i I M t M I i i t-« 14 CEWB CACHE EBOX »RITE BACK IN 

PROGRgSS ON 0, I s IGNORE 
III lii lii Mi i4-*« 13 CF CACHE FILL A IN PROGRESS ON Q, 

1 '••'■ IGNORE 
III ill iii ill ♦•••. 12 EMR EBOX 10 MSOX RESUESf IN PROGRESS 

■OH 0> l.«. IGNORE- 

1 1 i i i i I u It i 

1 1 J i I i ill ii ♦*• 1 1 EP0C ECL PROBE DON » f CARS 

III III iii i4"«*- 10 EPSL ECL PROBE SfAfE LOi 
Ml ill ilif — 9 MCOC *HCRO*COOE 0ON»f CARE 

iii lii 111 

III Mi i|+»» 8 CHOC CHANNEL DON «f CARE 

ill iii |*»*» 7 CR7F CHANNEL REGISfiR 7 FULL 

lii ill f— •• ^ CR6F CHANNEL REGlStER 6 FULL 

III Ml 

Mi ll-t— 5 CRSr CHANNEL RgGISfER 5 FULL 
M I !+••- 4 CR4P CHANNEL REGISfER 4 FULL 

} i| t-^*. 3 CR3P CHANNEL REGISfER I FWLL 

U+»* 2 CR2r CHANNEL REGISfER 2 FULL 
if-— I CRIF CHANNEL REGISfER 1 FULL 
+•••• CROF CHANNEL RIGISfER FULL 

NOfE: fHE SENSE OF CSWBf CEWB, CFi EMR BUS ARE RiViRSEO FROM 
fHE OTHER BITS, FOR THESE ilTS, A I (RAfHER THAN A 0) MEANS 
IGNORE ANO A 1 (RATHER THAN 0) MEANS INCLUDE THIS TERM, 
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WRPAE e CRH3 

t >♦■ ♦ t •+ ■+ + 

lit III in ill III in 

Mi ill ut iU Ul IM 

U M U 4 U I U i U n +-* 35 MB2 

ntiu ill ui ill I*— 34 mz 

ill jii III III Ui ♦•—• 33 Nig 
lit til I U III III 

iit III III ill ii-*— 32 mz 

III lil ill ill |*f**<* It MB2 

ill lii lil III ♦•*•• 30 CPAC CliiAR PERr ANAli C0UMfER 

I i i i i I 1 1 1 I i i 

ill ill HI ii**» 2f EM EWEHf mm 

III III III !♦*•• 28 MPAOC MODE PERF AMAl, DON'f CARE 

ill 1 1 i I i i «•••• 27 UMPA USER mm perf amai. 
ill lil Hi 

iii III ii*** 2§ »PPA wo PI PIftr ABAI* 

i i I I i I |+«r»* 2S P7PA m 7 PERF ANAI, 
ill Hi +•«.*• 24 P6PA PI 6 PERF kHkh 

ill iii 

Jil: ii-■^— ■ 23 PiPA PI S PERF AMAl» 
tii..:i+— 22 P4f A. PI 4 PElFi ANAl,: 
ill f»*»» 21 Pit A PI 3 PERF AM At 
i i i 

4i+*» 20 P2PA PI 2 PERF ANAli 
1+—* 19 PIPA PI i PERF AIIAI4 



J080, 2040,2060 ENGINEERING FWNCTIONAI. SPEC -CHAP 2,7 PAGE 27 
COMpAHiX CONFIDIKTIAii • Kl.10 PROGRAM CLOCKS (TIM, MfR) • REV | 



tO.fe BEfAIliEO DESCRlPflOM OP PERFORMANCE hUAMSlS 
IiOC tiliKO fiM,l,0C3 



MEfER WRPAE 



BIT 



StMSOl, DESCRIPTION 



BITS 0«l COMPRISE THE CHANNEl* TERM, AT l*BAST ONE BIT IM 0-8 
MOST BE SET IN ORDER TO COUNT ANYTHISG, C«ANNgJ, REGISTER fUhh 
U BmrntQ FROM TIE F01,IiOiINGSIGNAliS| CRC' SEI. 4, CRC SEL 2, 
CRC 5EI« 1$ eSUS READlft 



CROr Bt^KOi CHANNEli REGISTER fHhk • IF A 

I, T«B PERFORMANCE ANAW&IS COOMEft 

Willi* couwT wHEii mkmm o is ©usy 

CWAITIKG FOR I^ATENCf OR TRANSFERRING 
DATA) AMD OTHER iOOtiEAN TERMS ARE TRUE, 
If A 0, T«E STATE OF ClAMSgl, IS 
IG-KORED,. 

CRir BWOI CHAMIiEL REGISTER 1 FULfc » If A 

if THE PERFORMANCE AfiAI<TSl$ COIWTIR 
mhh COWT W«EH e«A«NEL I IS SUSY 
(WAITING FOR I,ATESCf OR TRANSFEKRIflG 
DATA) AND THE OTHER BOOI.eAI« TERMS ARE 
TRUE. 

CR2F il^KOl GHANKEI* REGISTER 2 FUI.I. • IF A 

2r TIE PiRFORMAKCE AMAI^fSlS COUflTER 
«!!,£. C0O«T WHEir CHANIiEl. 2 IS 6US¥ 
(MAITIMG FOR I^ATEiCt OR TRAMSPERRIIiG 
OATAJ Alio T«E OTHER BOOfcEAM TERMS ARE 
TRUE., 



CR3F BI,K0I CHASMEI. REGISTER 3 fUhh - IF A 

I, THE PERFORMANCE ANAWSIS COUNTER 
lilU,I» COONT WHEM CHANliEL 3 IS 8«S¥ 
(IIAITIMG FOR fcAfESC* OR TRAKSFBRRI8G 
OATA) AiO THE Of HgR BOOLEAN TERMS ARE 
TRWE,. 

CR4F BI.KOI CHANUEl* RiGISTER 4 FOl«i • IF A 

4, THE PERFORMANCE ANAI^tSIS COONTER 

wihh COUNT mm mhmth 4 is bws¥ 

(iAITIKG FOR liATBHCf OR TRANSFERRING 
DATA ) AND f«E OTHER IOOIjE AN TERMS ARE 
TRUE, 
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CRSr SfcKOt CMANNEL REGISf ER 5 Fmh - IF A 

5# tm PCRrORMAMCi AliAl.tSlS COPfltER 

wn.t, cmm mm camuEh s is susy 

(WAITIMG rOR I^AfENCf OR fRANSriRRINS 
»AfA) ANO fHE OfHER BOOl^EAM fERMS ARE 

mm, 
cmr Mhmi cmannei* REGisfER 6 rmh • ir a 

6, fHE RERFQRMAKCS ANAMSIS COUSfgR 

mhh couMf MHEN mmnth $ is Busy 

CWAITIMG FOR |iAfE»C« aft fRANaFERRlJiG 
0AfA3 hm fHE OfHER SaOtiEAM TERMS ARE 
fRUfi, 

CRir Bhmt CHA^NEt, RBGISflR 7 FUI*li • IF A 

7, fHE RERFORMAHCe kUkhtBm COUMfER 

wiw, couNf wnm channel 7 is Biisy 

(WAITING FOR I^AfBHCf OR TRANSFERKINa 
OAfAJ AMO fHE OtHER iOOl^EAN fEHMS ARE 



CHDC Bhmt CHftW«EI* DOW'f CARE •IF A i, fME 
PERFORMANCE ANALfSlS COUNTER CQNSIOERS 
fHI CHANNEL fERM fO BE AbWAyS TRUE AMD 
M|l,I, COUNt NO «AfTfR WHAf fHE Sf ATE fHE 
CHAWHEI^S mt IN IF Ahh fME Of HER 
iOOLEAN fERMS ARE f RUE, HENCE fHI NAME 
CHAMNEli DON «f CARE, IF A 0, BIfg 0-7 
SPiCIFf WHICH CMANiELS ARE OF IMfBRESf, 



BIf f IS THE MICRO CODE SfAfE fERM, If IS THE ONlif fER» 
CAN BE MADE AIRWAYS f ROE WIfHOUf ANf BIfS, 



WHICH 



9 



MCOC BWOI MICRO CODE DON' f CARE • IF A 0, 

fHE PERFORMANCE ANAWSIS COONfER WItli 
COUNf WHEN fHE MICRO CODE HAS SEf fHE 
MICRO-CODE STATE SIGNAL TIME AND THE 
OfHER BOOliEAN TERMS ARE TRUE, tTHE 
INfERNAl, SIGNAJb USEB ISi CONUCODE 
STATE 013 IF A I, THE HARDWARE TREATS 
THE MICRO-CODE SfAflf TERM AS IF II i«ERE 
AtWAIS^ TRUE* 
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BITS I0.lt ARE THE ECIi PROBE SfAfE fERM, 

10 EPSh BlbKOI ECfc PROBE SfAfENbOW • If A I, 

fHE PERFORMANCE knhUXUS COUNfER WIto 
COWNf WHEN fHE ECl* PROBE MPUf SIGNAI. 
IS liOW AND THE OTHER BOOI.KAN fERMS ARE 
TRUE. tTHE INTERNAl. SiGSAl, USED ISI 
FROBEl IF A 0, THE PERFORMANCE ANAW5IS 
COWNTiR WH,!, COWNT WHEN T«f ECi. PROBE 
INPUT SIGNAI. IS HIGH AKp THE OTHER 
BOOliEAN TERMS ARE- TR«E^ 

11 EPPC BIiKOl ECIj PROBE STATE DON'T CARE * IF 

A 1 , THE PERFORMANCE ANAI^f SiS COUNTER 
Witt CO0NT tHENEVER THE STATE Of TtE< 
OTHER BOOtEAN TERMS IS TRWE, If A 0# 
THE PERFORMANCE ANAtTSIS COUNTER MltA 
OERENO ON THE ECt PROiE AND EPSt, 

BITS ta^li ARE THE MBOX STATE TERM, EXCEPT FOR DON'T CARE, AE.Ii 
THESE BITS ARE COMDITIONAl* ON EBOX MAITtNG FOR MBOX, 

NOTil THE SENSE EMR, CF, CKMl, AN» CSMB BITS ARE REViRSEO FROM 
THE OTHER BITS» FOR THESE BITS, A I (RATHER THAN 0) MEANS 
IGNORE AND (RATHER THAN I } MEANS lNCi*U0i THIS TERM, 

12 EMR BtKOl ElOX fO MBOX REQOEST IN PROGRESS 

• IF A 0, THE PERFORMANCE ANAtySlS 
COUNTER WILL COUNT WHEN THE EBOX IS 
WAITING FOR A CVCtE REQUESTED FROM THE 
MBOX ANO THE OTHER BOOtlAN TERMS ARE 
TRUE, THIS INCtUPES TIME WHEN THE EBOX 
IS WAITING FOR THE MBOX IT DOES NOT 
iNCtUDB ADDITIONAL READS WHICH THE MBOX 
POES IN ORDER TO GET 4 iORDS, IT DOES 
INCliUDE ANl WRITE-BACK WHICH THE MBOX 
NAI HAVE TO DO IN ORDER TO SATISPf THE 
EBOX REQUEST, IT DOES HOT INCtiUDE 
WRITE-BACKS DUE TO SWEEP OPERATIONS, 
tTHE INTERNAii SlGNAt USID ISl EBOX 
SWC AND MB WAITI IF A l# THE STATE OP 
EBOX TO MBOX REQUEST IN PROGRESS, IS 
IGNORED, 
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13 CF Bhmt CACHE FlUh IN PROGRESS • ir A 0, 

fHE PERFORMANCE kUkhXmS COUNfER \Hlhh 
COWNI WHEN THE EBOX MAKES A REFERENCB 
TO THE MBOX AN0 fWE OAfA MUST iE 
FEfCHED FR0M iEMORY ANp THE OTHER 
iOOLEAN TERMS ARE TRUE, THIS INCi#UDeS 
0TE20 EiOX REFERENCES SUT DOES N§f 
INCWDE CHANNEL REOUESfS, IT AliSO 
INCliUDES REFERENCES TO MEMORX BECAUSE 
f«I C IIT IN THE PAGE TA»LE IS OFF 
(CSPERATING SYSTEM HAS SA10 NOT TO CACHE 
TMAT PAGE), IT OOES NOT INCLUDE ANY 
TIME SPENT OOlNGWRITt-iACKS, If 0OtS 
NOT INCLUDE CACHE SWEEP OPERATIONS, IT 
INCJiUDES AI.I. MEMORY READ KEFIRENCKS TO 
PAGE MAPS MHETIER MADE BY THE E80X OR 
THE MIQX, CTHE iNTERNAIi Sl^NAI, USED 
ISI CSH rihh CACHE RDJ ir A I, THE 
STATE OF CACHE Flt.1, IN PROGRESS IS 
IGNORED, 

14 mm BhKQi CACHE E80X WRITE*BACK IN 

PROGRESS . ir A 0, THE PERFORMANCE 
ANAIiYSIS COUNTER mhh COUNT WMgN THE 
MiOX MUST PERFORM A WRITE-IACK TO 
MEMORY AS THE RESUI.T OF AN EBOX 
REQUEST, THIS INCWDES Of £20 
REFERfiNCES »UT DOES NOT INCLUDE CHANNEI. 
REFERENCES, IT ALSO INCLUDES 6«RI1ES TO 
MEMORY BECAUSE THE C ill IN TME PAGE 
TABLE IS OFF (OPERATING SYSTEM HAS SAlP 
NOT TO CACHE THAT PAGE,) IT DOES NOT 
INCLUDE CACHE SWEEP OPERATIONS, IT 
INCLUDES ALI. MEMORY REFERENCES TO PAGE 
MAPS WRETHER MADE BY THE EiOX OR M80X, 
THUS CEWB IS DISJOINT FROM CL, tTHE 
INTERNAL SIGNAL USED ISi CSH E 
WRITEiACK J. IF A I, THE STATE OF 
CACHE iBOX WRITE-6ACK IN PROGRESS IS 
IGNORED, 

15 CSWB BLKOI CACHE SWEEP WRITE BACK IN 

PROGRESS, IF A 0, fHl PIRFORMANCE 
ANALYSIS COUNTER WILL COUNT WHEN THE 
MBOX IS PERFORMING WRITB»BACKS DUE fO 

CACHE SWEEPS, THIS DOES NOT INCI.UOE 
WRITE»BACES DUE TO ANY OTHER CAUSE, 

ETHE INTERNAL SIGNAL USED ISI CSH CCA 

WRITEBACICJ, IF A 1, THE STATE OF CACHE 

SWEEP KRITE-BACIC IN PROGRESS IS 
IGNORED, 
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H COC BJ4KO? CACWi: DOW'f CARE - IF A 1, THE 

PERFORMANCE ANALfSlS COUKTER COMSIDERS 
THE CACftE TERM TO 0E AtiWAXS TRUE AI40 
WILL COUST NO MATTER WHAT THE CACHE IS 
DOING IF hhh THE OTHER BOOLEAN TERMS 
ARE TRUE^ HEfiCE THE NAME CACHE DON' T 
CAREt IF A 0, BITS 14*16 SPECIFY WHICH 
CACHE STATE SIGNALS ARE OF INTEREST, 

17 mZ M«Sf BE ZERO, 

SITS I8«2i COMPRISE THE PI LEVEL TERM, AT LEAST I BIT MUST 8E 
SET IN ORDER fO COUNT ANYTHING, THE MODE (EmEC/0SER3 0OES NOT 
MATTER FOR THIS TERM TO BE TRUE, SINCE THE MODE (CIEC/USER) IS 
A SEPARATE TERM IN THE BOOLEAN EXPRESSION, THE SOFTWARE CAN 
ENABLE FOR ALL POSSIBLE COMBINATIONS OF MODE AND PI LEVEL, 
(DIFFERENT FROM ACCOWNTING METER WHICH ALWAY0 COUNTS IN «8BR 
MODE), 



INTERNAL SIGNALS CISEDl THE CURRENT 
.:LEVEL OF. THE PROCESSOR IS DETERMINED^ 
FROM 7 SIGNALS, IF MCL PI CYCLE IS 
TRUE, THEN PI2 Pi4 A, PI? PI2 A, AND 
PI2 PIIA REFRESEiT THE CURRENT PI 
LEVEL, IF «Cl» PI CYCLE IS FALSE, THEM 
PI2 HOLD 4, PI2 H0LD2, AND PI2 HOLD! 
RSPRiSENT THE CURRENT STATE, 

18 POPA BLKOI PI PERF ANAL * IF A I, THE 

PERFORMANCE ANALYSIS COUNTER WILL COUNT 
WHENEVER THE CPU IS AT PI tEVEL 
(DTB20 EXAMINE, DEPOSIT, OR BYTE 
TRANSFER) AND THE OTHER BOOLEAN TERMS 
ARE TRUE. IF A 0, PI LEVEL OlS 
IGNORED, 

19 PIPA BLKOt PI I PERF ANAL • IF A I, THE 

PERFORMANCE ANALYSIS COUNTER WILL COUNT 
WHENEVER THE CPU IS AT Pi LEVEL 1 AND 
THE OTHER BOOLEAN TERMS ARE TRUE* IF A 
0, PI LEVEL I IS IGNORED, 
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20 


P2PA 


21 


P3PA 


22 


P4PA 



23 
24 



25 



2i 



P5PA 



P6PA 



P7PA 



NPPA 



8l»K0l PI2 • PERF ANAL 

SLKOI PI3 • PERF ANAL 

mmi PI4 * PERF ANAL 

ILKOI PIS • PERF ANAL 

8LK0I PI &• PERF ANAL 

BLKO; Pi7 •PERF ANAL 

ILKOi NO PI PERF ANAL • IF A i, tm 

PERFORMANCE ANALYSIS COUNIER WILL COUNf 
«HENEVER fHE CPU HAS NO PIS IN PROGRESS 
ANO tm Of HER BOOLEAN TERMS ARE fR0E, 
IF A 0, fHE Sf ATE OF NO PIS IM PROaggSS 
IS IGNOREP, 



ilfS 27«28 COMPRISE fHE CPU MODE fERM^ 



27. 



28 



UMPA ILKOi USER «ODi PERFORMANCE ANALYSIS - 
IF A i, THE PERFORMANCE ANALYSIS 
COUNTER WILL COyNfiMENEVER f HE CPU IS 
IN USER MODE AND THE OTHER BOOLEAN 
TERMS ARE TRUE, ITHE INTERNAL SIGNAL 
«SED ISj SCO USiR A 3, IF A 0, THE 
COUNTER WILL COUNf WHENEVER THE CPU IS 
IN EXEC MODE AUD THE OTHER BOOLEAN 
TERMS ARE TRUE, 

MPADC iLKOI MODE PERF ANAL DONf CARE -IF 1, 
PERFORMANCE ANALYSIS DOES NOT DEPEND ON 
PROCESSOR MODE, 
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29 



EM S^KO! e«EMf MOOE • JF A I, PUT f«E 

PERFORMAHCE ANAI.YSIS COUNTER INfO EVEJlf 

mm, in mmi mm tm comtm coumts 
ON mtm fo 1 fRANsiTioii or fHE and 
or AW» or T«E BtQHkm conoitioweo sr 

THE &O0l,EAn EXPRBSSiOW, SEE SUMMARY 
ABOVE CSECfJON iO,l), IF A 0, BUt THE 
PERFORMAWCE AHAl,yS|S COUNfER JNfO 
BURAIiOU MODE, IN DyRAf ION MODE tHE 
COUlllER IS COUKfEO AT HAfcF OF THE BASIC 
MACHIME CLOCK RATE iHENEWER THE SIGNAbS 
CONOlTIGNiD BY THE iOOliEAN iXp«ESSIO« 
ARE TRWe, 



30 



CPAC 



80TEI IN ORDER TO PREVENT THE COOiTER 
FROM CHANGING WHIi.E IT IS 0EING READ, 
TttE STATE IS FORCED FAtSE, THIS HAS 
THE EFFECT OF CREATISG A FAIiSE EffiKT IF 
fME COUNTER IS IN EVENT MODE AND THE 
STATE IS TRUE DURING A READ OF THE 
COUNTERi AND IN DURATION MODE> NO 
COUNTS ARE TAKEN DURING T«E TIHE THE 
COUNTER IS READ, 



BfcKOl 
COUNTER 
REGISTER 
COUNTER, 
EPT toes 
IF A 0, 
THERE IS 
REGISTER 
COUNTER, 



CliiAR PERFORMANCE ANAtlSIS 

• IF A i, CI.EAR THE I§»BIT 

OF THE PERrORMAMCE ANAIifSiS 

THE SOfTWARE WST CfcEAR THE 

EPTPAC, EPTPAC+I {512»S1I3, 

THE COUNTER IS NOT CiiAteD, 

NO WAX TO MAD THE Ife^BIT 

or THE fERFORMANCi ANAtilfSiS 



3l»3S^ 



Bmm mz 



NOTES THERE IS NO WAX TO READ BACK THE PERFDRMANCE ANAilSIS 
COUNTER ■ EKAlliESb. 
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X % f J^ESEw 

EITHER lilO RESET OR POWER APPfclCftfiON (POWER "OW") TURNS OFF 
Kl^iO CmCm DESCRIBED HEREIN, CLEARS THE PI ASSiaNMENT IN MTR, 



12, SUMMARf OF REGISTER USE 

TWO IMTERKAli DEVICE CODES ARE «iE», MAMEl^X TIM AND MTR, IHl 
FQl*l.O«IMG TABLE SHOWS THE USE OF tHEM, TIM IS USED r§R 
INfERVAIiflHER, TIME BASE# AND PERfORMASCE ANAfclSiS COUNTER, 
MfR IS USED FOR THE ACCOUNTING METER AHO (BECAUSE RUN OUT OF 
BITS) THE CONfPOl* BITS FOR Alifc THE CJliOCKS, 

SET INTERVAL TIMER PERIOD (12 BITS) 

READ INfERVAIi TIMER (12 BITS), PERIOD 
(12 ilTS), AMD INTERV All TIMER FLAGS 

UNUSED 

READ TIME BASE (S9 BITS) 

ANALISIS 



CONO 


TIM 


CON I 


TIM 


DATAQ 


flM 


RDTIME 




WRPAE 




ROPERF 




CONO 


MTR 


CONI 


MTR 


DATAO 


MTR 


RDEACT 




BLKO 


MTR 


RDWACf 




DATAO 


PAG 



SET PERFORMANCE 
ENAILIS (30 BITS) 



CQONTIR 



READ PERFORMANCE ANAlif SIS COOMfBR (St 
BITS) 

SET KLiO CLOCKS CONTROL BITS 

READ KLIO CLOCKS CONTROL BITS (7 BITS) 

UNUSED 

READ EiOX B«S¥ HEIER (Sf BITS) 

UNUSED 

READ MiOK REFERENCE HlflR (SS BITS) 

STORE ACCOUNTING METERS CLEAR 
ACCOUNTING METERS 
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13, MASTER Cl^OCK ACCURACf (WORST CASE) 

TME FREGUEJ4CI TOliERANCE SPECIFICATIOK OVER TEMPERATUREf 
INCliUDIliS I,ONG TERM DRIFT rCJRfME KLiO MASTER CMCK OSCILXjATDR, 
HAS BEEN SET AT PliUS OR MINWS 25 PARTS PER Ml|*tlOH MAXIMUM FOR 
THE FIRST ITEAR, INCREASING BY 5 PARTS PER MILl,IO|l PER ^EAR TO 
iO PARTS PER Mll^tlOS HAXIMWM FOR THE SIXTH TEAR t lU TERMS OF 
KEEPING ACCURACY, THIS IS EQUlVAl^ENf fO 16 SECONDS PER WEEK 
CGAIW OR 1.0SS) FOR THE FIRST YEAR AND I.ESS THAU 31 SECONDS P£R 
WEEK FOR THE SIXTH YEAR, THIS PERFORMANCE IS OBTAI«E0 AT WW 
COST, WIfHOUf Am FREOyEMCY AOauSTMEWTS, AFTER INITIAL 
PRODUCTION CHECKOUT, 



14, APPENDIX A - IMPACT ON REST OF MACHINE 

1, INTEGER MHZ, 

2, 5 LINES FROM CHANNELS • RiGISTER FULL 

3, I LINES FROM CACHE • CACHE FILL E WRITE BACK, CA WRITE 
BACK 

15. APPENDIX B • LOOSE ENDS 

1, H0» SlOOLD ACCOUNTING AND PERFORMANCE ANALYSIS HANDLE 
MiOX REFERENCES MADE 81 EBOX FOR PAGINGI 

4§, APPENDIX C • EPT AND UPf SYMBOLS 

THIS SPECIFICATION OSES THE FOLLOWING EPT AND UPT LOCMIOWS, 
AS A HELP TO THE READER, !«£ VALUES OF THE SYMBOLS ARE ALSO 
GIVEN PAREWTHETICCALLY IN THE BODY OF THE SPEC, HOWEVER THE 
VALUES FOR THE SMBOLS MAY CHANGE, THE FINAL AUTHORITY IS LATER 
EDITIONS OF CHAPTER 2,0, EXEC AND USER PROCESS TABLES tiPTf 

orf),' ■■ 



LOC 



SYMBOL 



SJO 


EPTfB 


5U 


EPTTB+l 


Si 2 


EPTPAC 


513 


EPTPAC*! 


514 


EPTITV 


§04 


UPTEBM 


SOS 


UPTEBM+I 


io& 


UPTMRM 


S07 


tlPT«RM4l 



NAME 

gPT • TIME BASE (HIGH) 

CLOi} 

EPT •PERFORMANCE ANALYSIS COUNTER 

(HIGH) 

CLOW) 

EPT • INTERVAL TIMER VECTOR 

UPT • EBOX BUSY METER (HIGH 

CLDM) 

UPT • MBOX REFERENCE METER (HIGH) 

(LOW) 



tENO OF CH2S07,SPC3 
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SfAfUSi riSlSHED 
FILE? CEFS3C«2SQS,»PC 
P»M #1 200«200-037»02 

OAfEi S MC 7S 

SUPERSEDED MEHOS I KHO PAGING PROPOSAl,* 0, MURPHY, SjWNE 71 

NEW PAGIKG DESIGN, 0, MURPHi, 31 MAY 74 

SUPERSEDED SPECS I lONE 

EIIGINEERi D. MURfHy, J, LEONARD 

APPROVED! 

ED If OR? 0, MURPKf 

TIPISTI a, MCCARTHf 

REVIEWED J i AUG 7S 

DiSTRIBUfEDl 

ABSTRACT 

mis CKAPfiR DESCRIBES TMg KJ^IO PAGING FAClfclflES, fHESE 
FACILITIES ARE A COHSIDERABfoE ADVANCE OVER KJIO PAGlNGt 
ALTHOUGH f HE KL 10 ALSO PROVIDES A KliO PAGING «00E» KhlO 
PAGING PROVIDES FOR EFriClENT PRDGRASI WORKING SET »4ANAGEMEiT 
AND DBMAIID PAGING, IT ALSO PROVIDES FOR BXfENSJVi SttARING OF 
DATA AND PROGRAMS ON A PAGE»Bf.PAGE BASIS, 

REVISION HISTORY 

REV DESCRIPTION CHG NO ORIG DATE APPD BY DATE 

1 REVIEW CHANGES 6 AUG 75 

2 CLEANUP 5 DEC 7S 
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THE gl,40 PAGiNO PACli.ITIES ARE INTENDED fO SUPPORT 
SOPHISHCAfeO OPERATING SYSTEM FEATURES, INCl»0DIN6 IN 
PARTICWiiARs 

1, EmCIBNT PROGRAM WORKING SET MANAGEMENT AND DEMAND 
PAGING, 

2. EXTENSIWI SHARING OF DATA AND PROGRAMS ON A 
PAGE»i1f-PAGE BASIS, 

MUCH OF THE «1C«A«ISMDESCRI»£D HEREIN IS IMPtEMlNTEO B¥ KhlQ 
MICROCODE RATHER THAN SPECIFIC HARDWARE, THE COMBINATION OF 
HARDWARE AND MICROCODE iHlCH IMPX,EMENfS THIS SPECIFICATION WIl,!, 
&1 REFERRED TO AS THE Kill PAGER, THE KfclO ALSO SUPPORTS KliO 
PAGING AS A SPECIAI* MODE, KIIO PAGING IS NOT DtSCRISEe IN THIS 
CHAPTER, 

TrilS PAGING DESIGN AI.SO SUPPORTS THE EXTENDED ADDRESSING 
FACIIiITIES OF THE KfclO PROCESSOR, AND IT IS EXTENDABLE 8EXON0 
THE 32«SECT10N IMPl,EMENTATION OF THE KIilO. THE PHYSICAL CORE 
ADDRESS FIELDS SUPPORT UP TO 27 BITS (134 MILLION WORDS) OF 
PHYSICAL CORE MEMORY; THE KLIO IMPLEMENTS 22 BITS (4 MILLION 
WORDS) OF THIS, THERE IS ALSO AN IMPLICIT LIMIT OF 2»#23 (8 
MILLION) Pages PER DISK STRUCTURE C 4 ilLLION WORDS), 

N,a. "CORE" IN THIS DISCUSSION IS NOT MEANT TO SPECIFY A 
TECHNOLOGY, BUT A MEMORY SYSTEM WITH ACCESS TIME AND CAPACITY 
SIMILAR TO CORE, 

ADDRESS ^SPACES 

THE USER ADDRESS SPACE IS HOMOGENEOUS AND CONSISTS OF 32 EQUAL 
SECTIONS, SECTION IS NOT TREATED IN ANY SPECIAL MANNER BY 
THE PAGING rACILlTlES, THE SECTION TABLE FOR THE USER ADDRESS 
SPACE RESIDES IN THE UPT AND CONSISTS OF 32 SECTION POINTERS. 
THE EXEC ADDRESS SPACE ALSO CONSISTS OF 32 EQUAL SECTIONS, ITS 
SECTION TABLE RESIDES IN THE £PT AND CONSISTS Of 32 SECTION 
POINTERS, THE MONITOR SOFTNARE CAN EFFECTIVELY DIVIDE THE EXEC 
ADDRESS SPACE INTO PER-PROCESS AND PiR^aOS AREAS THROUGH THE 
USE OF INDIRECT POINTERS (SEE APPENDIX), HENCE NO SUCH DIVISION 
NEED BE BUILT INTO THE PAGER, IN A MULTI»PR0CESS1NG SYSTEM, 
EACH CPU HAS ITS OWN EPT AND HENCE ITS OWN EXEC SECTION TABLE, 

SECTION POINTERS 

A SECTION POINTER REPRESENTS AW ENTIRE SECTION^ I.E., A 
2i6K»»ORD ADDRESS SPACE, IT POINTS TO A PAGE TABLE WHICH IN 
TORN CONTAINS POINTERS REPRESENTING EACH PAGE OF THAT SECTION, 
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fHE SECflON POINTER MAI BE iMMEOIAfi, SHARED OR IM0IRECT 
FGRMAfi IH ANT CASE, If MUST XJEtiD THE PftySICAI. CORE AODRESS 
or A PAGE CONfAimilG A PA^E TABI.E, 

PAGE TABliES 

A PAGE TABLE IS A PAGE COMIAU^IKG PAGE POSTERS FOR ONE 
SECflON, THERE ARE 512 PAGES PER SECTION AND EACH POIHfER IS 
ONE 3i*Blf mm, HENCE A PAGE TABl,E IS A fOliI. PAGE, 

STORAGE ABDRESSES (PAGE ABDRESSES) 

A STORAGE A0ORESS IDENTIFIES A PAGE OF PHlfSICAL STORAGE IM CORE 
OR OK SOME OTHER MEDIUM, THE FORMAT OF THE STORAGE ADDRESS 
DETERMINES BOTH TEE MiOlUM AND THE ADDRESS WITHIN THAT MEDIUM, 
StORAGE AODRESSES ARE FOOW W PAGE POINTERS AN& H4 SPT ENTRIES 
(BEWM), AND ARE 24-BIT QUANTITIES, 

12 17 18 22 23 3S 

i I I I 

CORE PAGE NUMBER 

IF ii2*i7»0 

ir SITS 12.17 ARE 0, THE ADDRESS REFERS TO CORE MEMORy, BITS 
21*35 ARE THE pHfSICAl, CORE PAGE nUMSER OF THE pAGE Cftl8*22 
MB2), On% VIRTWAI, ADDRESS RErEREMCES WHICH TRANSI,ATE tO 
PHySICAI. CORE ADDRESSES CAN IE COMPliEfEO BY THE PROCESSOR, 

IF ills 12«17 ARE NOT 0, THEN THE ADDRESS IS SOMETHING OTHER 
THAN PHISICAI* CORE eE,G,, DISK OR DRUM). A VIRTUAI. ADDRESS 
REFERIHCE WHICH TRANSIiATlS^ TO A N0N»C0RE ADDRESS CANNOT 8E 
CCrMPl,ETED BX THE PROCESSOR, AND A TRAP TO THE MONITOR MUST »g 
INITIATED, THE FORMAT OF NQN^CORE ADDRESSES IS IRREtfiVANT TO 
IHE PAGER iEYOND THE CONVENTION THAT eiTS l2fJ7 ARE NOT 0, 

PAGE POINTERS 

THERE ARE THREE TYPES OF PAGE POINTERS, IMMEDIATE, SHARED, AMD 
INDIRECT, THE POINTER TYPE IS ENCODED IN ilTS 0-2 OF THE 
POINTER AS FOI*l,OWSf 

NO ACCESS 

1 IMMEDIATE 

2 SHARED 

3 INDIRECT 
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PAGE 4 



^W / 



NOf USE0, RESERVED, 



EACH PAGE POINTER CONTAIUS ACCESS BITS WHICH BEfERMlKE WHAf 

I¥PE5 Of REFERENCES MAX BE MADE fO fHE PAGE, THE ACCESS Blfg 

ARE HAMOJilO IN THE SAME WAIT REGAROtesS Of »ttICH OF THE THREE 
POlKfER f¥PES IS SEING INTERPRETED, 



P (PUftl,IC,B3) 

W (WRITE, i4) 
C (CACHE, 86 5 



IF THIS ill IS OFF, THE PAGE HAt QUhX §E 
REFERENCEI) By PRDGKAMS RUWilNG IW CaNCEAliED OR 
KERNEL MODE, SEE KHO REFERENCE MANUAIi FOR 
ADDITXOMAl. DETAIliS, 

IF THIS BIT IS OFF, WRITE REFERENCES MAY KOf BE 
mm fO THE PAGE, 



IF THIS BIT IS ON, DATA 114 
Pi,ACED IN THE CACHE* 



THIS PAGE MAI BE 



THESE BITS ARE NOT WSED if THE PAGgR AND 
RiSRVED FOR FUTURE SPECIFICATION Sf DEC, 



ARE.. 



IMMEDIATE POINTER 

AN IMMEDIATE POINTER CONTAINS THE PHySlCAl, ADDRESS OF THE 

ASSOCIATED PAGE IN BITS 12-35, THIS POINTER TYPE IS AI.SO KNOWN 

AS PRIVATE SINCE THE PAGE IS PRIVATE TO THE PAGE TASI.fi WHICH 
CONTAINS THE- POINTER, : 

SHARED POINTER 

A SHARED POINTER CONTAINS AN INDEX MHlCH POINTS INfO THE fePf 
(SPECIAL/SHARED PAGES TABI^E), THE ASSOCIAflD SPT BNTRf THEN 
CONTAINS THE PH¥SICAL ADDRESS FOR THE PAGE, THE SPT SNTR¥ IS 
FOUND AT THE PHysiCAl. CORE ADDRESS GIVEN »I THE S«M Of THE SPT 
BASE REGISTER AND THE SPT INDEX FROM THE SHARED POINTER, THIS 
IS KWONN AS A SHARED POINTER lECAOSE MANY PAGE TASMS MAy 
CONTAIN SHARED POINTERS TO THE SAME PHYSICAL PAGE, REGARDLESS 
OF THE NUMBER OF PAGE TABLfiS HOLDING A PARTICULAR SHARED 
POINTER, THE PHYSICAL ADDRESS IS RECORDED ONLY ONCE IN THE SPf, 
HENCE THE MONITOR MAY MOVE THE PAGE »ITH ONLY ONE ADDRESS TO 
DPDATE, 



INDIRECT POINTER 

THE INDIRECT POINTER IDENTIFIES ANOTHER PAGE TABLE AND A 
POINTER WITHIN THAT PAGE TABLE, IT CAUSES THE NEW POINTER TO 
BE FITCHEO AND INflRPRETlD, HENCE, THE INDIRECT POIJITER IS 
USED TO MAKE A PAGE OF ONE ADDRESS SPACE EXACTLY EQUIVALENT TO 
A PAGE OF ANOTHER ADDRESS SPACE, 

THE INDIRECT POINTER IDENTIFIES TEE OBaECT PAGE TABLE USING AN 
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SPT INOEX, THE pHISlCAt, AUDREYS OF fHE PAGE TA8LE IS fOmO IS 
fHE A6S0CIAfED 3PT ENTRlf aUST AS FOR A SHARlD POlNfER, TUB U 
DONE SO THAt fHE paYSJCAli ADDRESS OF A PAGE fAiI.E MAX »S Klpf 
IN ONE PI.ACE AN0 NEED N©f BE OUPLICATED IN MY PAGE POI«fERS, 
ONCI THE OSaECf PAGE TABliE HAS BEEN FOUND (AND DETERMINED TO BE 
IN CORE), THE PAGE NUMBER FIEi,0 OF THE INDIRECT POINTER IS USED 
A^ AN INDEX TO SEI.ECT A Ngi POINTER WORD FROM THE PAGE TABLE, 
THIS NEW POINTER MAX BE Of AN? OF THE THREE POINTER TYPES OR IT 
MAIf »E NO»AGCgSS, THE ACCESS BITS OF THE MEW POINTER ARE 
••ANO»BD WITH THOSE OF THE INDIRECT POINTER. THPS ACCESS TO A 
PAGE IS PROHIBITED IF EITHER POINTER WOUIi0PROHI»IT IT, THE 
PAGER Wllii, INTERPRET INDIRECT POINTERS TO AN ARBITRARY DEPTH 
8WT MUST BE ABI.E TO TERMINATE INOIRECT POINTER INTERPRETATION 
TO SERVICE A PRIORITY INTERRUPT IN THE CASE OF tONG INDIRECf 
CHAINS OR INDIRECT I.O0PS, 

SPT 

THE SPT fSPECf AI./SHARED PAGES TABl,E3 HOI.DS PHYSICAl, ADDRESSES 
FOR PAGES WHICH ARE SHARED AMONG MANY PAGE fABl,ES tPROCiSSES) 
OR »HICH ARE USED IN SOME SPEC I AI, WAY, EiG,, AS PAGE TA8l.ES, A 
PAGER REGISTER (AC B1.0CK 6, WORO 33 HOWS THE BASE ADDRESS OF 
THE SPT, THE SPT INDEX FOUND IN POINTERS IS iDDBD TO THE SPT 
BASE ADDRESS TO FORM THE PHYSlCAl* CORE ADDRESS OF THg 
ASSOCIATED ENTRY, THE SPT ENTRY CONTAINS A PHYSICAI, ADDRESS IN 
BITS 12*35, BITS 0*11 ARE IGNORED BY THE PAGER AND ARE USED AS 
A SHARE COUNT BY THE MONITOR, 

CORE STATUS TABI.E 

IN ORDER TO DfNAMICAl.l,f MANAGE CORE IN A VlRfUAI^ MEMORY 
ENVIRONMEMT, IT IS EXTRBMEl^Y IMPORTANT FOR THE MONITOR TO BE 
ABM TO OBTAIN INFORMATION ABOUT THE MEMORY REFERENCES 
GENERATED BY USER JOBS, THE CORE STATUS TABt,E CCSTJ IS USED TO 
RECORD AND HOi^D SUCH INfORMATlON, 

THE BASE ADDRESS OF THE CST IS HEI,0 IN A PAGER RiGISTER (AC 
BI.OGK 6, WORD 3), THIS IS ADDED TO THE PHYSICAL CORE PAGE 
NUMBER FROM A STORAGE ADDRESS TO FORM THE ADDRESS OF THE 
ASSOCIATED CST ENTRY, A CST ENTRY IS USED AND VPOATID IN THE 

FOIiIiOWING MANNER I- 

1 , FETCH THE CST ENTRY, 

2, IF BITS 0»S ARE 0, THE PAGE IS INACCESSIlfcE AND A TRAP 
TO THE MONITOR IS INlflATED, 

3, THE CST ENTRY IS «AM0«ED WITH A MASK BEING HELD IN A 
PAGER REGISTER CCST«SK, AC BLOCK §# WORD 0), 

4, THE RESULT IS lOREO WITH THE QUANTIfY IN A SECOND PAGER 
REGISTER CCST0ATA, AC BLOCK 6, WORD 13, 
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S, IF THE CilERENf VI RfUAl* ADDRESS REFERENCE IS A «RIfg 
REFEREMCl (AND THE ACCESS SITS PERMIT A WRITE), A i IS 
lORED INTO BIT 35, 

i, THE RESTOT IS Sf OREO BACIC INTO THE CST, 

THIS PRDCEDORE Al,l,OWS THE MONITOR TO SET CERTAIN riH,DS AMD 
MER6E OTHERS, ffPICAtli¥# ONE FIEliD IS SELECTED AS AN "AGE", 
AW A VAI.UE REPRESENTING TIME IS SET INTO THIS Flii^D, THUS 
PHtSICAl. PAGES MAX BE OROEREO BY TIME OF LAS? REFERENCE, 
ANOTHER wmhP IS TYPICALLY USEO TO RECORD WHAT PROCESSES 
REFERENCE A PAGE, T«IS IS DONE BY ASSIGNING A BIT POSITION TO 
EACH ACTIVE PROCESS AND PLACING A $ IN THAT SIT POSITIOH IN fMS 
PAGER DATA WORD, THUS THE CST WORD FOR A PAGE WILL HAVE ONES 
IN THE BIT POSITIONS OF EACH OF THE PROCESSES WHICH REFERENCED 
IT, ADDITIONALLYt THE MODIFIED BIT (§35) I^ILL 8E SET IF THE 
PAGE HAS SEEN MODIFIED, THE MONITOR NEED NOT SkhW OUT PAGES TO 
WHICH ONLY READ REFERENCES HAVE BEEN DONE, 

POINTER IHTERPRETAIION FLOW 

THE FOLLOWING IS A DESCRIPTION OF THE POINTER INTERPRETATION 
ALGORITHM, IN THE FOLLOWING FLOW, THE TERM '» USER" REFERS TO 
WHETHER AN EXEC OR USER SECTION IS BEING REFERENCED, THIS IS 
THE SAME AS THE PROCESS STATE BIT, EXCEPT UNDER PXCT (WHERE THE 
PROCESSOR CAN BE IN EXEC MODE WHILE REFERENCING A OSER 
SECTION), THIS FLOW IS ALSO REPRESENfED SY A FLOW CHART IN THE 
FIGURES SECTION OF THIS OOCUMBNf 

1, INITIALIZE LOCAL PAGER VARIABLES P, W, AND C TO 1, 

2, FETCH SECTION POINTER, THE SECTION POINTER IS FOUND IN 
THE USER SECTION TABLE IN THE UPT CLOCATION USECf 
THROUGH USECT^.!?) IF THE RlFERENCi IS TO A WSER 
SECTION, AND THE EXEC SECTION TABLE IN THE EPT 
(LOCATION ESECT THROUGH ESECT+3?) IF THE REFERENCE IS 
TO AN EXEC SECTION, CUSECT*ESECT»4405 

3, TRAP IF A NO-ACCESS SECTION POINTER, A SECTION MAY BE 
N0N»EX1STENT FOR THE RUNNING PROCESS, IN WHICH CASE THE 
SECTION POINTER WILL Si 0, BITS 0^-2 OF THE SECTION 
POINTER ARE USED AS A CODE FIELD JUST AS WITH PAGE 
POINTERS, CODE IS NO^ACCESS, CODE I IS IMMEDIATE, 
CODE 2 (SHARE) IS NORMAt* SECTION POINTER, CODE 3 
{INDIRECT) MAY ALSO IE USED, OTHER CODES ARE NOT 
DEFINED, 

4, UPDATE ACCESS BITS, AND P, W, C (LOCAL PAGER 

VARIABLES) WITH SECTION POINTER BITS 3, 4, « 
RESPECTIVELY, 

5, IF THE CODE IN BITS 0*2 IS I, BITS 23»lt CONTAIN THE 
PAGE TABLE ADDRESS, OTHERWISE, rEfCi THE PAGE TABLE 
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PHXSICAI* ADDRESS, rETCH FROM THE PHYSICAL C0«1 A0BRESS 
GIVEN if THE 8WM OF THE SPT 0ASE AO0RESS A«D flE S^f 

INDEX, tm spr lumx is »it$ ii-is or tHs iiASt pomfER 

FEfCHEO CA SECriOK POtNtER OR All IMOIRECT POINfER). 

6, fRAP IF »E PAGE fASl*E IS MOT I» CORE, IF THE PHfSlCAl» 
ADDRESS OBTAINED IN STEP 5 DOES NOT CONTAIN IN BITS 
12*17, THEN THE PHfSICAI* ADDRESS IS NOT A CORE ADDRESS 
AND A TRAP IS INITIATED, IF THE SfiCTION POINTER WAS 
INDIRECT, FETCH A NE« SECTION POINTER fROM THIS PAGE 
TABIiEf THE ENTRf GIVEN BY BITS 9«17 OF THE INDIRECT 
POINTER, AND GO TO 3. 

7j CHECK AND UPDATE THE CST FOR THE PAGE TABI«E, FETCH 
mOU THE PHYSICAI^ CORE ADDRESS GIVEN B¥ THE SUM OF THE 
CST 6ASE; ADDRESS AND THE PHYSICAL CORE PAGE NUMBER, 
TRAP IF BITS 0-5 or THE CST ENTRX ARE 0, OTHERWISE, 
AND CSTMSK, lOR CSTOATA, AND STORE THE RESULT BACK INTO 
CORE, THE MODIFIED BIT SHOUM NOT BE CHANGED HERE, 

», FETCH THE PAGE POINTER, THE PAGE POINTER IS FETCHED 
FROM THE PHYSICAI* CORE ADDRESS CONSISTING OF THE CORE 
PAGE NUMBER OF THE PAGE TABI^E IN SITS i4*2i, AND THE 
CURRENT VIRTUAL, PAGE NUMBER IN BITS 27-35, THE CURRENT 
PAGE NUMBER CAME FROM VMA BITS 18»26 OR FROM SITS 9*I7 
OF THE IiAST INDIRECT POINTER, 

9, UPDATE ACCESS BITS, THE p, w, AND C BITS ARE ANDBD 
WITH THE RESPECTIVE PAGER VARIABLES, 

10, DISPATCH ON POINTER TYPE, 

IF A NQ-ACCeSS POINTER (CODE 0), INITIATE A TRAP, 

IF AN INDIRECT POINTER, (CODE 3> TAKE BITS 9-17 AS THE 
NEW CURRENT PAGE NUMBER, AND TAKE ilTS 18-35 AS AN SPT 
INDEX IDENTIFYING A H&M PAGE TABLE, LOOP BACK TO STEP 

5,. 

IF A SHARE POINTER, FETCH THE SPT ENTRY GIVEN BY THE 
SUM OF THE SPT BASE REGISTER AND BITS 18-35 OF THE 
SHARE POINTER, 

IF AN IMMEDIATE POlSTERf CONTINUE TO STEP H, 

11, TRAP IF PAGE NOT IN CORE, IF BITS i2«|7 OF THE 
PHYSICAL ADDRESS ARE NOT 0, THE ASSOCIATED PAGE IS NOT 
IN CORE AND A TRAP TO THE MONITOR IS INITIATED, 

12, CHECK AND UPDATE THE CST FOR THE PAGE, FETCH FROM THE 
PHYSICAL CORE ADDRESS GIVEN BY THE SUM OF THE CST BASE 
ADDRESS AND THE PHYSICAL CORE PAGE NOMflCR, TRAP IF 
BITS 0-5 OF THE CST ENTRY ARE 0, OTHERWISE, AND 
CSTMSK, lOR CSTDATA, AND lOR »3I IF A WRITE RgFi«ENG€ 
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Am mi, STORE f HE RESWWiACK IMfO CORE, 

13. COMPLETE THE VIRTUAL ADDRESS REFERENCE AND/OR LOAD 
PAGING MEMORY, 

INITIATE IliLEGAL WRITE TRAP IF WRITE AND NOfW, 

THE PHYSICAL ADDRESS FOR THE REFEREIICE CONSISTS OF THE 
PHysiCAL CORE PAGE NUMBER IN BITS 14-2&, ANP VMA BITS 
27»35^ IN BITS 27*35, 

INSTRUCT IONS RELEVANT TO PAGING 

SEE CHAP 2,6 OF KLIO FUNCTIONAL SPECS, KLlO INTERNAL 10 
INSTROCTlONSf FOR ADDITIONAL INFORMATION, 

1, LOAD UBR (DATAO PAG,3 LOAD EiR tCONO PAGrK 

2, CLEAR PAGING MEMORI (OATAO PAG, COHO PAG,), 

3, CLEAR PAGING MEMORY ENTRY FOR MONITOR VIRTUAL ADDRESS g 
CCLRPT E5, 

4, PAGING ON/OFF (CONO PAG,), 

5, DECLARE SFT BASE AD0R1SSI CST8ASE ADDRESSI CSTMSKf 
CSTDATA, CDONE AS DEPOSITS INTO RESERVED AC BLOCK,) 

PAGE FAIL DATA 

THE FOLLOWING DATA IS STORED WHEN A PAGE FAIL TRAP IS 
INITIATED I * 

1, VIRTUAL ADDRESS OF REFERENCE 

2, ■ USER BIT, PMBLIC -SIT, WRITE ■mFERENCEMIf 

3, PAGE FAIL CODE 

SPECIFIC PAGE FAIL CODES ARE GENERATED AND StORiD IS THE PAGE 
FAIL WORD FOR THE FOLLOWING CONDITIONS I 

1, PROPRIETARY VIOLATION 

2, REFILL ERROR 

3, ADDRESS COMPARE 

4, PAGE TABLE PARITY ERROR 

5, MEMORY DATA PARITY ERROR 
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khh Of HER PAGE FAIL CONDITIONS STORE QUhX THE DATA OESCRIilWG 

THE REFEMNCE CA0ORESS, USER, PUiWC# WRIf E) km TSE SOrTWARE 

nhh OETERMISIMG THE CAUSE Of THE PAGE fAH* A«0 THE PROPER 
ACTION, 
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KI,iO PAGING • WORD FOHMATS 
SECT I OK POINTER 

THE SECTIOK FOTNfER IS FOUm IW THE USER OR EXEC SiCTIOW TABI.E, 
{#ART or ilPl OR EPT,) 

SECflOM POINTIR RROVIBBS CVIA T«E SPT) THE PMISICAI* ADDRESS OF 
fig PAGE TAiiii FOR THE GIVEII SECflOS, 

CODE? NO* ACCESS (TRAP) 

1 IMMEDIATE 

2 SHARE 

3 INDIRECT 

4-7 UNOSED, RESERVED 

12 3 4 5 6 18 31 

JCODiiPIWJ iC|/////////i PAGE TABliE lOENTiriER I 
lOlO r J I 4 i/////////i (SPf liDEX) J 

NORMAl, SECTION POINTER (CODE « 2 J 

.2 3 4 § -6 , , 9 18 -31; 

iCOmiPl^l ICI///JSECTION ISECflON TA&liE IDENTIFIERi 
toil I I t J i///iTABI,E INDEXI tSPT INDEX) I 

INDIRECT SECTION POINTER (CODE s 3) 
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PAGE POINTERS 

Fount) IN PAGE T ABIDES 

12 3 4 5 6 J2 35 

icmmpiwiici////i PBx&icAh kmmsB QfWkGs i 

iOOl J } I i J////J J 

IMMEDIAfE POINfER tCQPE riEliO » 1) 

B12»3§ GIVE PHYSICAL AD0RESS OF PAGE 

ir 812^17 X 0, PAGE NOT IN C0RE»1RAP 
If B12»17 » 0, S23-35 GIVE CORE PAGE 

NUMBER or PAGE, B18-22 M»Z 



® 2 3 6 18 3§ 

iCOm ISAME ASI/////////I SP? WDEX J 

iOlO J lMMEI?,i/////////J J 

SHARE5 POWfEB (COBE riEI.D s 23 

Bi8»3S GIVE SPT INDEX (SPTX), SPTX ♦ SPT BAgl 
ADDRESS »PH¥SICAl< CORE ADDRESS 0? WORD 
HOWiNG PHysiCAL ADDRESS OF PAGE, 
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12 3 6 9 17 18 35 

iCODElSAME AS |///i PAGE I PAGE TAgJ^E 10El*TlFIiRi 
lOll j IMMED. i ///i NUMBER i CSPf INDEX) | 

INDIRECT POlSfER CCO0E flEliD » 33 

fHIS POIHfER TYPE CAUSES ANOTHER POINTER TO BE FETCHED 
AND INTERPRETED, TgE NEW POINTER IS FOUMD IS ttORO N 
(i9»I7) or THE PAGE ApDRESSED iX CCSPT ♦ JPTX), 



SPT ENTRlf 

FOUND IN T«i SPT, I, E,, WHEN FETCHING CiSPT *SPTX) 

12 3S 

i////////////////////l PHYSICAL A0DRES5 OF PAGE i 
l////////////////////i OR PAGE TABliE I 

B12-35 GIVE PHYSICAL ADDRESS OF PAGE, 

TME BASE ADDRESS (PHYSICAL CORE ADDRESS) QF T«E SPT 
RESIDES IN ONE AC OF THE RESERVED AC BLOCK, 
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PtiysiCAL SfORAGE ADDRESS 

FOUND IN »12»35 OF IMMEDIATE POINTERS AND SPT ENTRIES, 

12 17 18 23 35 

i imz i CORE PAGE NUWSERi 
I ^ i i^ »i2"17 « i 

IF ftl2»l7 ?s 0, THEN ia3»3S ARE CORE PAGE NUMBER CI,E,, 

Bi4»2& or PHlfSlCAI, CORE ADDRESS) OF PAGE AND ftl 8*22 

mZ, IF Bt2^n X 0, THEN ADDRESS IS NOT CORE AND 
PAGER TRAPS, 



CORE STATUS TABIiE ENTRY 

FOUND WHEN FETCHING CCCSR * CORE PAGENO) 

5 32 34 35 

1 CODE I I jMi 

B0*5 ARE CODE FIEWl 

• «NAVAH,AS|.E, TRAP 

1 •77 • AVAI£,ABI,E 



8I2#34 RESERVED FOR FUTURE HARDWARE SPECIFICATION, 

B35 IS ^MODIFIED* BIT, SET OS ANY SRIfE REF TO PAGE, 

WHENEVER A CORE PAGE NUMBER (PHIS, ADR WITH 812»1780) 
IS FOUND DURING POINTER INTERPRETAf ION, THE CST WORD AT 
CiR + CORE PAOENO IS UPDATED AS FOLLOWS S 



FETCW CtCiR+CORE PAGENO) 

TRAP -IF iO»i-.^BO 

AND WITH MASK FROM RESERVED AC iLOCK 
lOR WITH DATA FROM RESERVED AC BLOCK 
lOR 835 IF WRITE REFERENCE 
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OlIAKflTIES IN HARDWARE RlGlSfERS (RESERVED AC 8L0CK) 
SPT SPT »ASE REGISTER 

i P«YSlCAli CORE WORO ADORgSS i 



CBR CSf BASE REGISTER 



14 3S 

^ ■» w «« « -9 « •»-«( .ai 4P flt.ai> 9 w «K y a. ^ a,, at w •• *«( iw at IIP .■». w «i ^ . 

I MXSICAi. CORE WORO ADDRESS i 



CSIMSK CSf UPDATE MASK 



^ '32 -3S- 

i MASK 1111 lU 

ANDED WITH CSf WORD DURING UPOATB 
(B32*35 MUST BE hhh I'S TO PRESERVE EXISTING CSf INrORMATlOW) 
CSTOAf A CST UPDATE DATA 

32 34 35 

1 DATA jGOOiOi 

lORED WITM CST WRD DURIMG UPDATE 

CB32*3S MUST BE AW, 0»S TO PRESERVE EXISTING CST INFORMATION) 

hhh UNSPECIFIED BITS AMD fIBIiDS ARE RESERVED FOR FUTURE 
SPECIFICATION M DEC, 
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HERI WHEN FACING CACHE 

REQUIRES TRANSLATION INFORMATION 

i ■ 

I VMA<13»I7>«>SECT Nor i 
i VMA<l8»26>*>PAGe MOl i 
it *> P| 1 •> W? i •> Ci 

■% « * «K .<> lo ax s « <■( v.* nt at. li' <■> f* 4^ «r «t <aii«l <p ^ 
I 

V 

/ s 

XES / USER \ NO 

fmmmmm/ A0PRE5S. \— •••♦ 

ItfSER \ ? / EXEC I 

I \ /I 

I \ / I 

I V J 

i C(UBR'USEeT+ IS C(E8R'ESECT+ i 
iSECT NO) •> ARi tSECT NO) •» ARJ 



SYMBOL 

■■■m 

V 
I 



C( 



MEANING 
"GOES TO" 
«A»OI0 «ITH" 
"ORiO WITH" 
"CONCATENAfED WITH" 
»AO0EB TO" 

THE WORD WHOSE PHfSlCAL 

A&BRE5S IS GIVEN S¥ THE 

EXPRESaiON IN PAREMTHESIS 



" ^^ ^W ^ff ^t- 1fHf$ ^Ip ^p Wm (pi Wffl ^^-W^: nff'/^Ki 

I 



i 

i 



C(AR<23«35>»SECfNO> I 



•> AR 






J 

I 

i 

1 
t 



I 

s 
t 
i 

AR<0»2> -» TfREf i P ENABIiES ACCESS Bt FUgtIC I 



I 

V 



P 

C^ *■ AR<6> •>. Ci 
TEST TifPE 



*■ AR<3> •>. f I 
• AR<4> •> »? 



• W ENA8l.iS KSRJTB ACCESS 

i C ENASIiES CAT A iNf CAC«C 

I ■ ■ 

I 



^r ^^ w^ ^ip w^ ^* 

4TWE» 

V 

UNDEFl 



I 

V 



4'»7 



NEO 



iTTPEfO 
S 
i 
V 
TRAP 



TYPEPl. iTYPEs2 

IMMEDIATE J SHARED 

/ INDIRECT \i 

\ PAGE n 

'Iff "W ■P IKI^ '^ Wf ""PS Iff *(|f flff ■■ I 

i t 

i 

^''''^ff ^^^W'^p^^^p^ ^ff'^ff ^ff ^^^""^p H^ 'Hff "Iff' ^ff" mv nff •^ iiff 'flff ^BB ifc 

I C(SBR+AR<I8»3S>) i 
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APPENDIX I • EPT/WPf SYMSOliS USED 

ESECt s 440 SECflOM TABiE FOR EXEC SECTIONS 0-17 

USECf « 440 SECf ION TABt.E FOR USER SECflOiS 0*37 

APPENDIX II 

f HE FOl^l^OWINa DISCUSSES SOME OF fHE DESiaN AND iMPl^EMENtAf lOW 
ISSWES OF fHE PAGER, 

CACHED PAGIWG DATA 

fHE KlilO «AS A "PAGING MEMORV* WllCW HOWS VIRf UAIi*f 0*PHf SlCAl, 
MAPPING INFORMATION, THIS IS EFFECflVEl-Y A CACHE OF PAGING 
DATA WHICH HAS BEEN FETCHED FROM MEMORf ANfr/OR DETERMINED BY 
POIIIfiR INTiRPRifATIOM, NOTEi HOWEVER, THAT IT IS TOTAl.l.y 
DISTINCT FROM THE MEMQRI CACHEf USUAIiI^Y REFfiRRED TO AS Bimm 
"THE CACHE". W«EN A VlRTUAl, ADDRESS REFERENCE IS REQUESTED, 
THE PAGING MEMORY IS FIRST CHECKED TO SEE IF f«£ COBRESPONDING 
PHYSICAl, ADDRESS IS PRESENT, It IT IS, THE REFERENCE CAN 
PROCEED WITH NO DEiAI, IF IT IS NOf, THE DATA MUST 8E OBTAINED 
FR0M.:00RE, 

TEE Kl<10 PAGING MEMORY IS IMPLEMENTED AS A TABtiE WITH ONE ENTRY 
FOR EACH OF THE S12 PAGES OF THE VIRTUAL ADDRESS SPACE, CTSi 
KIIO IMPLEMENTED THE EQUIVALENT FUNCTION WlfR ASSPCIATlVl 
MEMORY.) THE USER AND EXIC ADDRESS SPACES OSE THE SAME 512 
ENTRIES, SUT THE INDEX IS OFFSET DlFFERENfLX SO AS TO REDUCE 
CONFLICTS. AT ANY TIME THIS, THE PAGING MEMORY WILL BE HOLDING 
MAPPING INFORMATION FOR MOST OF THE PAGES ACTIVELY BEING USED 
BY THE RUNNING PROGRAM, WHEN THE MONITOR TAKES ANY ACTION 
WHICH WOULD INVALIDATE SOME EXISTING VlRf UAL.TO*PHISICAL 
ADDRESS ASSOCIATIONS, THE PAGING MEMORY MUST BE PARTIALLY OR 
COMPLETELY CLEARED, SUCH GASES INCLUDE! 

1, CHANGE OF USER PROCESS • THE ENTIRE USER ADDRESS SPACE 
CHANGES* SO THE ENTIRE PAGING MEMORY MUST BE CLEARED. 

2, REMOVAL OF ONE PAGE FROM CORE OR REMOVAL OF A POINTER 
FROM THE USER PROCESS PAGE TABLE - THE ENTIRE PAGING 
MEMORY MUST BE GLSARED SINCE SHARii AND INDIRECT 
POINTERS MAY HAVE CAUSED THE ONE fHIStCAL PAGE fO 
APPEAR IN SEVERAL VIRTUAL PAGES, 

3, IN SOME CASES, THE MQilTOR WILL MAP A PAGE INTO THE 
EXEC MAP FOR LOCAL USE, WHEN THIS PAGE IS UNMAPPED, 
ONLY THAT ONE ASSOCIATION NEED BE CLEARED PROM THE 
PAGING MEMORY, THE PAGER PROVIDES A FUNCTION TO CLEAR 
THE ASSOCIATION FOR A PARTICULAR VIRTUAL ADORiSS, THIS 
MAY BE USED IN THIS CASE TO RiOUCE SUBSEQUENT RELOAD 
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OVERHEAD, 

IN KLIO PAGING MODE, WHEN fHE PAGING MEMORY fhlh$ fO CQHtkin 
fHE DAfA roa fHE REQUISTEP VIRfUAi AOORESS, A SPECIAL TRAP |M 
fHE MICROCODE OCCURS, AffER SAVING WWmmm ACTIVE EBOX 
DATA, THE MICROCODE INVOICES THE POINTER TRACING hHD 
INTERPRETATION AI.GORXTHM DESCRIBE© ABOVE, IF THE POINTER 
INTERPRETATION IIELDS A VAliID CORE ADDRESS, IT AND THE ACCESS 
INFORMATION ARE I.OADED INTO THE PAGING MEMORY, THEN THE EBOX 
ACTIVE REGISTERS ARE RESTORED AND THE OR! GIN Al, MEMORY REFERENCE 
IS REOOESTED AGAIN, 

THE PAGER IS REaUlRED TO MAINTAIN THE MODIFIED SIT JN THE CORE 

STATUS TABI*E» THIS MEANS THAT THE FIRST WRITE REFERENCE TO A 

PAGE MUST BE DETECTED EVEN IF PREVIOUS READ REFERENCES HAVE 
BEEN MADE, THE MICROCODE IMPl^EMENTS THIS AS FOtbOwss 

ON A PAGING MEMORY REI^QAD, THE rtRITE ACCESS CW) BIT IS 
SET IN THE PA6I«G MEMORY ONJ*Y IF THE CURRENT MEMORY 
REFERENCE IS A WRITE (AND WRITE t& hEQAh FOR THE PAGE) , 
■ THUS- IF THE. FIRST REFERENCE TO A PAGE. IS RfiAO, THE 'W 
BIT IN THE CORRESPONDING PAGING MEMORY ENTRY Wll.1* M 
SET TO 0, AND A SBSEQUENT WRITE REFERENCE Wfcl, CAUSE 
ANOTHER TRAP TO THE MICROCODE, ON THIS SECOND ««*?, 
THE POINTER INTERPRETATION WII.I, BE REPEATED AND THE 
PAGING MEMORY RE WADED, THIS TIME MITH THE » BIT SET, 

IT HAS BEEN SUGGESTED THAT THE MICROCODE COULD USE THE UNUSED 
BIT (FORMERS THE S BIT) IN THE PAGING MEMORY TO RECORD WHETHER 
OR NOT THE PAGE IS WRITABM AND THEREBY AVOID THE SECOND 
POINTER TRACE IN THE WRITB*AFTBR-READ CASE, THE PERFORMANCE 
IMPROVEMENT APPEARS TO BE ?ERY SMAI.L HOWEVER AND AT PRESENT 
DOES NOT SEEM WORTH THE ADDITION AI» MICROCODE WHICH WOIiI.D BE 
REQUIRED, 

CACHE CONSIDERATIONS 

Ifi A ONE«CPU CONFIGURATION, IT DOSS NOT MATTER LOGlCAliLY 
WHETHER MICROCODE PAGING RiFERENCES ARE CACHED, SINCE THE 
PAGING MEMORY IS AVAIWSliE fO HOM PAGING DATA, IT WOUW SEIM 
REDUNDANT TO A1.S0 HOl.0 PAGE POINTERS IN THE CACiE, AI^SO, IT 
APPEARS UNtilKlLY THAT REFERENCES ARE MADE TO PAGE POINTERS VERY 
OFTEN. ON THE OTHER HAND, THE SECTION SECTION POINTERS (EXEC 
AND USER) AND THE ASSOCIATED SPT »QRdS ARE REFERiNCED ON EVERY 
PAGE MEMORY RELOAD, HENCE, IT IS ONCI.EAR WHETHER A PERFORMANCE 
ADVANTAGE IS OBTAINED BY CACHING OR NOT CACHING PAGE RgFlM 
REPERENCES, 

MUI,TI*CPU CONSIDERATIONS 

IN A MUWI-CPU CONFIGURATION USING Kl,tOS, EACH PROCESSOR WOWO 
HAVE ITS OWN PAGING MEMORY, AND IN GiNERAfc, Atl, OF THEM MUST BE 
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CliEARED ON ANY EVENT WHICH REOUIRES Cl^EARING ONE, THEREFORE 
fHE MONITOR MUST HAVE A SIGNAX, MECHANISM TO OUICKl-f REQPEST THE 
OTHER PROCESSORS TO EXECUTE THE APPROPRIATE PASgRIIiSfRUCtlONS, 

THE CODE FIELO OF THE CORE STAf IIS TABLE MM BE USED 10 PREVENT 
ACCESS TO CERTAIN PASES B¥ OTHER PROCESSORS WHEN ONE PROCESSOR 
SEGINS SOME HOUSEKEEPINS FUNCTION ON THOSE PAGES (E.G., 
SWAPPING OUT TO OISK), IT DOES KOT, HOWEVER, PROVIOE ANY 
MECHANISM TO WMIT ACCESS TO EXACTl*! ONE PROCfiSSOft, 

IN A MUWi-CPtf CONrjGURATlONf THE SIVIRAI, PROCESSORS Will, BE 
UPDATING THE CORE STATUS TABLE SIM0t.TANEOOSl.¥, AND SOME 
MECHANISM {E,G,, READ»PAUSi»WHTE3 MUST iE USED TO ENSURE THAT 
DATA IS NOT LOST SECAUSE OF T»0 PROCESSORS SIMULTANEOUSLY 
UPDATING THE SAME ENTRY, OfVlOUSLYi MlGiOCOOe CST REFERENCiS 
CANNOT SE CACHEIJ, ANO THE MONITOR MUST ENSURE THAT PROGRAM 
REFERENCES TO THE CST ARE ALSO NOT CACHED, 

IT IS 0ESIRA8L1 THAT ALL MICRQCOPE PAGING REFiRENCES »E 
ONCACHED IN A MULTI*CPU GONFIGURftTlON, OTHERWISE THfi SOFTiARE 
MUST 00 A CACHE CLEAR ALSO EVERf TIME IT DOES A PAGING MEMORY 
CLEAR OF ANOTHER PROCESSOR, 

01VISION OF EXEC AD0RESS SPACE 

TYPICALLY THE MONITOR USES AREAS OF THE EXEC AO01ESS SPACE IN 
DISTINCT WAYS? 

1, SXSTEII*lil»E COOE AND DATA, E,G,f THE MONITOR CODBi 
SCHEDULER AND SWAPPER DATA BASES* ETC, 

2, PER-aOS DATA, E,G,,OPEN FiLi DATA, FORK STRUCTURE 

DATA, ETC, 

3, PER-PROCESS DATA, E.G., LOCAL STACK, LOCAL VARIAlLES, 
ETC*. 

IN ADDITION TO PERMANENT CONTENTS, EACH OF THESE AREAS WILL 
ALSO HAVE FILE OR PROCESS PAGES DYNAMICALLY MAPPED IN AS 
NEEDED, 

THE INDIRECT POINTER MECHANISM MAY BE USED TO CONFIGURE THE 
EXEC ADDRESS SPACE IN THIS MANNER, AND IT DOES NOT REQUIRE THAT 
ANY BOUNDARIES BE WIRED INTO HARDWARE (AS ON THE KIIO, EXEC 
PAGES 340*377), TO IMPLEMENT THE DIVISION AiOVE, THE MONITOR 
WOULD HAVE THREE PARTIAL PAGE TABLES! 

1, THE SYSTEM MONITOR MAP RESIDING IN RESIDENT STORAGE? 

2, THE JOB MAP RESIDING IN A PAGE SWAPPED WITH THE JOfti 

3, TIE PROCESS MAP RESIDING IN A PAGE SWAPPED »ITM fil 
PROCESS, 
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f HE fMREE MAPS WOUM COVER nmUhhhX BX€I»USIVi ARfiAS OF fHE 
MONITOR ADDRESS SPACE, KAGH WOUliO «AVE AM S^Pf Sl»Of ASSIGNED fO 
HOtO ITS PHYSIC All CORE ADDRESS , 

hhh POINTER TRACES WOUIiD flRST REfERENCE THE SISfEM MONITOR MAP 
AFTER HAVIMG IMfEftPRETlD THE EXEC SECTION POINfER, FOR 
S¥STEM»WIOE PAGESf THE MAP mi3W CONTAIN A MORMAii PAGS POWfER 
fO THE APROPRlATi PAGE* FOR PBR«JOi PaG1S» TiBMAf WOUfcD 
COMTAIJI AK INDIRECT POrifTER TO THE aOB MAP, AMD FOR PER-PROCESS 
PAGES, THE MAP WOUliD COiTAlM AN INDIRECT POIMfER TO THE PROCESS 
MAP, IN OROER TO AVOID CHANQMG hhh OF THE PER-a08 A80 
PER-PROCESS POIWTERS ON A CONTEXT SWITCH, TWO SPT ENTRIES WOU£,0 
8E RESERVED FOR THE "CORREKT" QOB MAP AND PROCESS MAP 
ADDRESSES, A«D THE aOBAHD PROCESS POIMTiRS WOULD ALWAYS tfSi 
THESE RESERVED EUTRIES, T«Af IS, WhEK AMI PROCESS IS SfARTEDf 
Its aOft MAP CORE ADDRESS IS COPIED liTO THE RESiRVEO ilOSSPf 
E«TRY, AND ITS PROCESS MAP CORE ADDRESS IS COPIED IMTO THE 
RESERVED PROCESS SPT ENTRY. THESE SPf ENTRIES BECOME lU EFFECT 
TWO BASE REGISTERS FOR THE TWO MAPS, AND THE MONITOR MUST SET 
THEM aUST AS TROUGH THE¥ WERE IMPLEMENTED I« HAROiARE. . " 

imo OF KLFAG.SPCJ 
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tITt,EJ EXEC kU9 mm PROCESS TABi,ES CEPT ♦ Wt) • REV 

SIATUSS CUBRENf 1.0CftfIOKS OEriNE0 IN EPf ♦ Uff, Otmm Mthh BE 
ADDED AS NEEDED, SUPERSEDED MEMO WAS REYIEMEO SEPf 73, A FEW 
AODIf IONS km CHANGES HAVE SEEN MADE, TOE NEW PkQlHG INOf IN 
BREADBOARD] IS NOT DESCRISED HERE, COMMENIS ARE SOl»ICIfED, A 
SHORT REVIEW ^Ihh BE HEI.0 rRlOAf, IS MAR, IN i^fiPRECHAOM LOUNGE, 

riliE! EErSJCH2S09,SPC 

PDH #1 200»200»OO5»OO 

DAfll li MAR 74 

SypiRSEOED MEMOS: ICliiO PROCESS fABLE, aOGLIEWJ, 19 SEPT 73 

ENaiMlERS P, GUGIiIEliMI 

APPROVED! P, GUGLIEI^MI 

EDIfORl f, HASflliGS 

TYPISfJ M, PROWfy 

REVJEWEDl 

ABSfRACf 

khh HARDWARE DEFINED ADDRESSES IN THE SYSTEM (EXCEPT THE RH20) 
ARE DEflNEO WITHIN TWO PAGES, CAI^LED THE EXEC PROCESS TABtE 
tSPf) AND USER PROCESS TAiM (UPT), EACH CP0 IN THE SfSTEM 
USES A OirrERENT PAGE FOR THE EPT, BACH PROCESS IN THE SfSTEM 
USES A DIFFERENT PAGE FOR THE UPT, 

REVISION lISTORf 

REV DESCRIPTION CBG NO ORIG DATE APPD BY DATE 
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hhXOm OF THE EXEC AND USER PROCESS TABliES CEPT * Upf), 

, CONTENTS 

1, QQAhS 

2, INTROeUCTIQM 

3, CHANGES FROM KIIO 

4, CliANNEl, l.OGOUf AREA 

5, DfE20 COMMUMICAflON AREA 
7, HALT STATUS AREA 

7, PAGING 

8, KI»STYl.E PAGE TASl*E ENTRIES 

9, SECTION TABI^E ENTRIES 
10, USER PROCESS TABLE 

1 i , EXEC PROCESS TABLE 

1, GOALS 

1, NO BUILT-IN HARDWARE PM¥SICAL OR VIRTUAL ADDRESSES. 

2, ONE INSf RUCTION PROCESS CONTEXT SWITCH, NOT COMNflNG 
AC 'S AN0 PC, 

3, HANDLE CLOSELY CaWPLlD MULTI-PROCESSOR SYSTEMS , 

4, BE COMPATIBLE WITH Kl, EXCEPT WHERE IMPORTANT, 
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2, IKTRODOCTION 

hhh OF THE ADDRESSES OEFINEO 8Y THE HARDWARE (EXCEPT THE RH203 
ARE DBFWEO AS FIXED OFFSETS WITHIN ONE OF TWi» PAGES, GAJUliEO 
EXEC PROCESS TABLE (EPT) AMD USER PROCESS TABLE (UPT), EAC« 
CPU HAS TWO PR! VILEGlOiASE REGISTERS, EXEC BASE REGISTER (ESRJ 
AND USER BASE REGISTER CUiR) , EACH BASE REGISTER SPECIFIES TME 
PHYSICAl. PAGE NUMBERS CAD0RESS BIfS 14»26) OF THE EPf AMD UPT 
FOR THAT CPU, NO DEVICES HAVE 8Ull,f«IN PHySIGAL, EXEC VIRTUAL 
OR USER VIRTUAL ADDRESSES WITH THE EXGEPTIOU Of THE USiR UUO 
TRAP ADDRESS, THUS THE HARDWARE IMPOSES m RESTRICTIOMS ON THE 
EXEC OR USER VIRTUAL ADDRESS SPACES AND PERMITS THE SIfSTIM TO 
RUN WITH AN¥ COMBlNAflOM OF PHYSICAL MBMORI MODULES, THE RHjO 
IS AN EXCEPTION ONLY BECAUSE IT WAS DESIGNED BEFORE ALL OF THE 
OTHER DEVICES, ON THE RH20 THE SOFfMARE LOADS AN INTERRUPT 
ADDRESS WHICH CAM BE ANfiHERK IN EXEC VIRfUAL PAGE 0. EACH EPT 
COifAINS VARIABLES ASSOCIATED WITH EACH CPU IN THE SYSTEM, 
EACH CPU USUALLY LOADS ITS EBR ONLY OMCI WHEN fHK SYSTEM IS 
STARfSD, EACH UPT CONTAINS VARIABLES ASSOCIAflO WITH EACH 
PROCESS IN THE SISTEM, EACH CPU LOADS ITS UBR EVER! TI«£ IT 
RUNS A NEW PROCESS. SEE CHAPTER 2,7, INTERNAL DEVICES (APR, 
PIi PAG). 



J, CHANGES FROM KltO 

THE FOLLOWING FIGURES SHOW THE EPT AND UPf WHEN RUNNING WITH 
EXTENDED ADDRESSING TURNED OFF (SEC e 0) AND WHEN IT IS TURNED 
ON (SEC » 13, WHEII SEC ft THE PROCESS TABLES LOOK VERf MUCH 
LIKE THE KIlO's PROCESS TABLES, THE USER PROCESS TABLE DIFFERS 
FROM THE KIlO PROCESS TABLE IN LOCATIONS 420, 42«>* 427 AND SOO, 
LOCATION 420 NOW RECEIVES THE »USER& EXEC PAGE FAIL WORD" 
INSTEAD OF CONTAINING THE "USER PAGE FAILURE TRAP INSTRUCTION", 
LOCATION 42§ NOW RECEIVES THE "PC WORD OF THE PAGE FAIL" 
INSTEAD OF THE "EXEC PAGE FAlLURl WORD", LOCATION 427 LOADS 
THE "PAGE FAIL NEW PC WORD" INSTEAD OF THE "USER PAGE FAILURE 
WORD", THESE CHANGES REFLECf THE DESIRE TO HANDLE EXiC A«D 
USER PAGE FAULTS SIMILARLI, IT ALSO DOES NOT SEEM NlCESSARf TO 
CONTINUE TO HAVE THE GENERALITY OF ALLOWING ANY TRAP 
INSTRUCTION TO BE EXECUTED ON A PAGE FAULT, LOCATION S0O 
RECEIVES THE "PREVIOUS CONTEXT SECTION AND e»SX% 
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4, CHAMNEL JbOGOUf AREA 

fHE EXECUflVE PROCESS fASl*E PIFFERS FROM THE KIIO'S IN 
IiOCATIONS 000.037 AND #0»17, WCATIONS OOO'-OS? COMPRISE A 4§ 
WORD AREA WHICH ARE USED ©Y THE KI,10 BUI WW DATA CHANNELS, 
EACH or THE 8 DATA CHANNELS WILL HAVE A FOUR WORD BLOCK FRON 
THIS AREA, CHAWWEL IS ASSIGNED LOCATiOE«S 0-3, CHAMNEL 2 
LOCATIONS 4*7, ETC, WORD OF EACH 4 WORD CHANNEL SLOCK IS THE 
INITIAL CHANNEL COMMAND WORD, WORD i RECEIfES ERROR STATUS AND 
THE COMMAND LIST POINTER ON ERRORS, WORD 2 RECEIVES THE LAST 
WORD COUNT AND ADDRESS, WORD 3 IS RESERVED FOR FUTURE USE M 
HARDWARE, SEE CHAPTER 4,4, MASSBUS CONTROLLER (RH20) AND 
CHANNELS (MBOX), 

5, PDP-II INTERFACE CO WON ICATION AREA CDTE20) 

LOCATIONS 60»77 COMPRISE A 20 WORD AREA WHICH IS USED B¥ THE 
DTE20 (10/11 INTERFACE), EACH OF THE 4 DTE20«S MAS A iLOCK OF 
POUR WORDS FROM THIS AREA ALLOCATED FOli ItS USE, CURRENTLf 
OHLX THREE OF THE FOUR LOCATIONS ASSIGNED tO A DTE20 ARE BEING 
USED, THE THREE LOCATIONS HOLD AN "IN ilftE POlNfER*, «»OUTB¥TE 
POINTER", AND AN "INTERRUPT VECTOR*. LOCATIONS t00»177 ARE 
RESERVED FOR FUTURE USE ilf HARDWARE, CKI S e0»l77 ARE 
AVAILABLE TO SOFTWARE.] LOCATION 420 IS NO LONGER fHE»EXEC 
PAGE FAIL TRAP INSTRUCTION", IT IS RESERVED FOR FUTURE USE, 
SEE CHAPTER 4, 3# FRONT END INTERFACE COfE20), 

6» HALT STATUS: AREA 

LOCATIONS 424-427 WILL COMPRISE A PROCESSOR "HALT STATUS AREA", 
LOCATION 424 WILL CONTAIN THE HALT INSTRUCTION OR ALL gEftOfS 
DEPENDING ON WHETHER A HALT INSTRUCTION WAS EJiECUTEO OR THE 
PDPll TURNED OFF THE PROCESSORS RUN FLOP^ LOCATION 42& WILL 
CONTAIN THE VALUE OF THE PC WORD AT THE SAME TIME THE MACHINE 
WAS HALTED, LOCATIONS 426-427 WILL CONTAIN TWO WORDS OF 
PROCESSOR StATUSi SEE CHAPTER 2*5, MISCELLANEOUS OPCODES, 

LOCATIONS 501-577 OF THE USER PROCESS fABLlf AND 100-177 OF fHi 
EXEC PROCESS TABLE HAVE iEEN RESERVED FOR FUTURE USE 8^ THE 
HARDWARE SO THAT A PLACE WILL BE AVAILABLE TO ADD NEW FEATURES 
TO THE SfSTEM, THIS WAS DONE BECAUSE LOCAflONS 000-177 AND 
400-577 ARE THE ONLf AREAS OF THE PROCESS TASLES THAt THE 
MICRO-CODE CAN ACCESS OIRECfLSr, CKI I SOO-577 OF THE UPT ARE 
AVAILABLE TO SOFTWARE,] 
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7, PAGING 

PAGE TABfcE ENTRIES Ca»fAI^ h MEW ilf Cfti*l.ED THE CACHE ilT, 
wmu THIS SIT IS TIIRN10 OU THE PROCiSSOR WItl. WAD THE CAC«E ON 
BEADS AMD MRITES, WHEN If IS TURNED OFf THE PROCESSOR Wll,!, S§f 
hmO THE CACHE ON READS AND WRITES yMt.ES5 THE DATA IS AtREADT 
IN THE CACHE, «HgM SEC « THE PAGE TAiLE EMTRIES kM KI^STftE 
HALFWORD EITRIES, WHEN SEC * 1 THE PAGE fAftI,E EMTRIES ARE FUfcl, 
SORO EMTRIES. SEE CHAPTER 2,8, PAGMG, tBRlADBOAROl Aiil, 
PAGEfAiLE EMTRIES ARE HAI^r WORD J, 

MHES SEC * 1 THE PROCESS TABliES ARE THE SAME AS THE SEC » 
PROCESS fASIilS EXCEPT THAI THE PftGi TABLE EMTRIES ARE MISSING, 
THE SEC » I PROCESS TABLES CO»TAIi SECTION TAifeE ENTRIES IN 
LOCATIONS 440-477 Of THE HSIR PROCESS TASLE, THE FORMAT OF A 
SECTION TABLE ENTRf IS SHOWN BELOW, 

EACH SECTION TABLE ENTRf TAKES ONE PDPIO WORD, SECTION TABLE 
INTRliS FOR EXEC SECTIONS APPEAR IN BOTH THE USER AND EIECWTtVi 
PROCESS TABLES,; LOCATIONS 400-4J7 OF THE EXECUTIVE PROCESS 
TABI4E HOLDS SECTION fABLE ENTRIES FOR EXEC SECTIONS 00»U, 
LOCATIONS 400-417 Of THE mm PROCESS TABLE HOLDS SECTION TAlLi 
ENTRIES FOR EXEC iECTlONS 20-37, THIS AREA IS SIMILAR TO THE 
PER PROCESS AREA Of THE HIO PROCESS TABLE EXCEPT THAI THE KLIO 
C^« PROVIDE ACCESS TO A MWCH LARGER AMOUNT OF CORE (4,000f0#0 
WORDS), LOCATIONS 440-477 OF THE USER PROCESS TABLE HOLDS 
SECTION TMlE ENTRIES FOR USER SECTIONS 00*37, 
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8. KI^BtthE PAGE fA§l.E ESfRlES CSEC » 0) PAGE TA»t,E ENTRIES! 
DATA rOR EVEN VIRTHAl* PASES t 

ACCESS BIT (A) 

1 PUSMC BIT (P) 

2 iRITAiiE. »If CH) 

3 SOFTWARE ilT CS) 

4 CACBE BIT (C) 

§•17 PHlfSICAli PAGE NUMiEB (AD0RESS BITS 14«2&J 

DATA FOR ODD VlRfWAt, PAGES! 

18 ACCESS BIT (A) 

19 PUiWC BIT CP3 

20 WRITABLE ilT (») 

21 SOFfMARE ftIT (S) 

22 CACiE BIT (C) 

23*35 PHYSICAI* PAGE MUMBER (ADDRESS BITS 14-26) 

SEE CHAPTER 2,8, PAGING fOR A DESCRIPTIOM CJf KL-STyM PAGING, 
C»01 IK iREAD60AR»J, 



108O»2O4O,2O6O ENGINEERIR6 fUflCTIONAL SPEC - CHAP 2,9 PAGE 7 

iXEC km USER PROCESS TA&hUS (IPf + UPT) • RgV 



f, SECfiou tkBhE mmxE§ (nuh mm^t 

ACCESS BIT CA3 

l»13 WNUSiO 

14»27 PHYSICAIi HAtr PASE AOORKSS, THIS ftODRiSS IS 
T«E ADDRESS or A PAGE WHICH COHfAtiS f«E PAaS 

fkBm witH rww woR© intriss for this sectiom, 

SE« CHAPTKR 2,8# PAGING* liHEAOftOARPlTHIS 
ADDRESS IS A HAliF PAGE A0ORESS ASD THE PAGE 
TAiJiE ElilTRIES ARE RAiiF «OR0 EMTRIES, TME PAGE 
TAi&E CAS BE IN EITiER THE riRSf OR SECONB lAtr 
OF A PAGE FRAMEjJ THE PAGE TAliE FOR A StCflOM 
IS COMPl,Ef il.X DISASSOCIAfED FROM THE USER 
PROCESS TABliE tUPf), 

2S»3S UNUSED 
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10, USER PROCESS TABI<E tWl) 

0«»377 SEC « OJ WSER PASETABIiE WlfMHAliF WORD ENfRIES, ONE 
rm EACH OF THE §12 ViRtUAL PAGES OF A USER PROCESS 
WITH HO EXTENDED ADDRESSING, 

SEC * IS AVAJMSliE TO SOfTiARE, 

400*417 SEC » O; HAt»r WORD PAGE TAiliS ENTRIES WHICH MAPS EXEC 
PAGES 340 THROUGH 377 ON A PER PROCESS BASIS, THE fSR 

PROCESS EXEC. CAPPED. .REGION IS- USED BY THE OPEftATlSG- 
SISTEM TO MAP PER PROCESS DATA, SUCH AS OPERATING 
SXSTEM PER-PROCESS VARlAil,eS AMD THE UPf If SEiF, 

SEC « U SECTION TABIDS ENTRIES FOR EXgC SECTIONS 
20-37, THUS EXEC SECTIONS 20*37 ARE MAPPED ON A PER 
PROCESS BASIS, WHEN SEC s A, THERE ARE NO PER PROCESS 
PftfBSERSPJIiif F0g gilO SiCTIiI!E8i»CI!HUiEiXCf ROiEf iDlgiet 

PAGES, 

420 EXEC AND USER PAGE FAW. WORD STORED HERE ON A PAGE 
FAUW CKIs USER PAGE FAlli TRAP INSfRUCTlONJ 

421 OSER ARITHMETIC OVERFWW TRAP INSTRUCTIDII 

422 USER PUSHDOWN OVERFWW TRAP INSTRUCTION 

423 USER TRAPES TRAP INSTRUCTION 

424 MUUO STORED HERE WHEN AN MUUO IS EXECUTID JN USER OR 
EIEC" MODE'' 

425 PC WORD OF MUUO STORED HERE WHEN AN MUUO IS EXECUTED IN 
USER OR EXEC MODE 

426 PC WORD OF PAGE FAIl. WORD STORED HERE iN A PAGE FAUW 
IN USER OR EXEC MODE tKIl EXEC PAGE FAIl, WORD STORED 
HERE.J 

427 PAGE FAIL NEW PC WORD PICKED UP FROM HERE ON A f»AGE 
FAULT FROM USER OR EXEC MODE EKIj USER PAGE FAIL WORD 
STORED HERS3 

430 KERNEL NEW MUUO PC WORD WHEN NOT EXECUTED III A TRAP 
LOCATION 

431 KERNEL NEW MUUO PC WORD WREN EXECUTED IN A TRAP 
LOCATION.^ 

432 SUPERVISOR NEW MUUO PC WORD WHEN NOT EXECUTED IN A TRAP 
LOCATION 



1080,2040,2060 ENGINEERI8G FMNCflONJlL SPEC • CHAP 2,9 PAGE 9 
EXEC AND USER PROCESS TABJbES CEPf + UPT) • REV 

433 SUPERVISOR NEW MUUO PC WORD WHEN EXECUTED IN A TRAP 
liOCAflQN 

434 COliCEAl,ED MEW MUUO PC WORD WHEN NOT EXECUTED IN A TRAP 
1.0CATI0N 

435 COMCEAliED MEW MUUO PC WORD WHEN EXECUTED W A TRAP 
LOCATION 

436 PUSLIC «EW MUUO PC WORD WHEJI NOT EXECWfED IN A TRAP 
IiOCATION 

437 PUBLIC NEW MUUO PC WORD WHEN EXECWflD |N A TRAP 
LOCATION 

440-477 SEC « 01 AVAlLASfcE TO SOFTWARE 

SEC » U SECTION TAlfeE ENTRIES rOR USER SECTIONS 
0»37 CKI; AVAILABLE TO SOFTWAREJ 

500 CURRENT AC BLOCK # (CAC), PREVIOUS AC ILOCK i CPAC)# 
PREVIOUS CONTEXT SECTION (PCS) AND CALLED WITH SECTION 
EXECUTE CCWSXMS STORED HERE ON AN «UUO EXECUTED IN 
USER OR EXEC MODE, CKIj AVAILABLE TO SOrTWAREJ . StE 
CHAPTER 2. It, CALLING THE MONITOR CMUOO, PXCT) 

S0l«577 RESERVED FOR FUTURE USE By HARDWARE CKIl AVAILABLE TO 
SOFTWARE} 

600*777 AVAILABLE TO SOFTWARE 



1080,2040,2060 ENGINEERING FWUCflONAL SPEC • C^P 2,9 PAGE 10 
EXEC AND USm PROCESS fABiES CEPf + UPT) • REV 



It, EXEC PROCESS TAil,E CEPT) 

0»37 4 WORD DAfA CHAMIlEl, hOGOm FOR EAC« OF THE t BUIl,T»IN 
0ATA C«AII»EI,S, SEE CHAPfER 4Uf MASSBllS CONTRQtil^ER 

tRH203 km mmMBhs cmbox), tut available to 

SOfTWAREI 

INITIAI. CHAl4NEt» COMMAND 

1 lHCRE«E»f ED CMASNEli COMIIA»0 

2 SfATOS t CHANNEI^ COMMAND lilSf POINfER 

3 RESERVED FOR rPfWRE use B¥ lARDHARE 

40 EXEC mm SfORiD HERE 

41 EXEC mm fRAP WSfRPCflON 

4a»57 2 WORD PAIRS OF SIAMDARD PI lifERROPf lMSfR0Cfl0IIS 

60.77 4 WORO &fE20 MTERRUff AMD iXTE POINIfit l^OCI^tlOMS FOR 

•EACH OF TUB 4 ■DrE20 ItfERFAGES, . SEE. CHAPfER 4,3, PRONf 
EMD liTERFACE CDfE20),.. tKI; kUklhABht fO. SOPtmREJ 

IN BffE POMfER 

1 OJJT ilf £■ POlMf ER 

2 INfCRROPf INSfRUCflON^ 

3 UWaSiO:, RESERVED FOR FUTURE: OSC, Bf HARDHARfi. 

100-I77 RESERVED FOR FUfURE «SB BM HARDWARE tKli hVhlhhBm TO 
SOFtiAREJ " 

200-377 SEC » 01 EXEC PA6E 1fA8i,E WIfH HAI.F WflD ENTRIES, ONE 
FOR EACM OF fHE 2S§ EXEC VIRfUAL PA«E8 400 THROTCH 777 

SEC w 11 AVAIliAiliE TO SOrTWARE 

4a0»4l7 SEC » OS AVAIMBiiE fO SOFfWARE 

SEC * it SBCflON f A8l*E ENTRIES FOR EXEC SECTIONS 0»i7, 
THESE SECTIONS ARE THE SAME FOR AtL PROCESSES AND MAP 
T«E CODE AND DATA FOR THE COMMON PARTS OF THE OPERAflNG 

SySTEMj , 

420 RESERVED FOR FUTURE USE BY HARDWARE mis EXEC PAGE 
FAIli TRAP INSTRUCflONJ 

421 EXEC ARITHMETIC OVERFLOW TRAP INSTRUCTION 
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422 EXEC PUSHDOWN OVERFl,0« TRAP IWSTRUCf lOM 

423 EXEC TRAP»3 TRAP INSTRUCTION 

424*427 A 4 WORD "HALT STATUS AREA" WHICH IS LOADED EAC« TIME 
T«E PROCESSOR IS MALfEO, SEE CHAPTER 2,S, 
MISCELLANEOUS OPCODES? 

424 HALT INSTRUCTION OR FULL WORD OF XEROES 

425 PROGRAM COUNTER 

426.427 TWO WORDS OF PROCESSOR STATUS 
430»7?7 AVAILABLE TO SOFTWARE 

CEND OF CH2S9,SPCJ 
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PAGE 2 



1,0 INfftODUCTIOK 



THIS CHAPTER ATTEMPTS TO DOCy«SNT T«E Um IMSTRUCTlON EXTEND, 
(OPCODE 123), WHICH IS THE MAaOR FEATURE OF THE KI^IO BUSINESS 
I«SfR«CTION SET, 

OPCODE 123 IS THE "EXTEND" iNafRUCTIOH, MHICH SHOyi.D iE 
REGARDED AS AN XCT WHICH INVOKES THE EXTENOiD ISSTRUCTION SET. 
ITS AC FIEI.D ADDRESSES A SliOCK OF 5 AC'S TO BE USED IN THE 
OPERATION OF THE EIS, THE EfFECTIVl ADDRESS OF THE EXTEtO 
INSTRUCTION IS CALLED EO, AND ADDRESSES AN OPERATOR WORD IN THE 
PDP»J0 INSTRUCTION FORMAT, WHICH MUST BE ONE OF THE SET DEFINED 
BEliOW (OTHERWISE AN MWO TRAP OCCURS), FOR CERTAIN OPCODES IN 
(EO), THE OPERATOR WORD IS FOLLOWED 8¥ OPERATION PARAMETERS, 
REPiREO TO IK THE FOLLOWING TEXT AS (EO+l), CEO+2), ETC, SOME 
OPERATIONS ALSO USE THE EFFECTIVE ADDRESS OF THE OpgRAfOl WORD, 
WHICH WILL 8E REFERED TO BELOM AS El, 

THE OPERATIONS DEFINED IN THE EXTENDED INSTRUCTION SET ARE 
LISTED BELOW, WITH THEIR OPCODES** 

001 CMPSL COMPARE STRINGS, SKIP If LESS 

002 CHPSE COMPARE STRINGS, SKIP IF EQUAL 

003 CMPSLE COMPARE STRINGS, SKIP IF LESS OR EQUAL 

005 CMPSGE COMPARE STRINGS, SKIP IF GREATER OR EQUAL 

006 CMPSN COMPAPE STRINGS, SKIP IF NOT EQUAL 

007 CMPSG COMPARE STRINGS, SKIP IF GREATER 

004 EDIT PROCESS STRING ACCORDING TO PATTERN 

010 CVTDBO CONVERT DECIMAL TO BINARY 1¥ OFFSET 

Oil CVTD8T CONVERT DECIMAL TO BINARY B¥ TRANSLATION 

012 CVTBDO CONVERT BINARY TO DECIMAL BY OFFSET 

013 CVTBDT CONVERT BINARY TO DECIMAL BY TRANSLATION 

014 MOVSO MOVE STRING WITH BYTE OFFSET 

OJS MOVST MOVE STRING WITH BYTE TRANSLATION 

016 MOVSLa MOVE STRING UNMODIFIED WITH LEFT aUSTIFICATION 

017 MOVSRa MOVE STRING UNMODIFIED WITH RIGHT JUSTIFICATION 



2,0 DEFINITION OF TERMS 



2.1 AC 

AC IS THE REGISTER DESIGNATED BY BITS 9-12 OF THE EXTEND 
INSTRUCTION, THE INTERPRETATION OF AC DEPENDS OP THE 
PARTICULAR FUNCTION PERFORMED BY THE EXTEND INSTRUCTION, FOR 
COMPARES, MOVES, AMD DECIMAL TO BINARY CONVERSION, THE CONTENTS 
or AC ARE INTERPRETED AS FLAGS AND THE SOURCE LENGTH 
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INDICATION, WHICH IS AliWAYS EXPRESSED AS A NUMBER OF iYTBS, III 
EDIT, AC CONTAINS FI.A6S AND THE ADDRESS OF A MINI-PROGRAM 
CALLED THE PATTERN, IN BINARy TO DECIMAL CONVERSION, AC 
CONTAINS THE HIGH-OROER PART OF THE BINARY INTEGER TO BE 
CONVERTED, 



2,2 AC+1 

AC+l IS THE REGISTER DESIGNATED B¥ ilTS 9»t2 OF THE IXfEND 
INSTRUCTION, PLUS 1 MOD 16. EXCEPT IN BINARY TO DECIMAL 
CONVERSIOM, ACtl CONTAINS A FULL PDP-IO BYTE POINTER ADDRESSING 
THE SOURCE STRING, THE SOURCE STRING IS PROCESSED AS THOUGH BY 
ILDB TMP, ftC + 1, IN BINARY TO DECIMAL CONVERSION, AC-^l CONTAINS 
THE LOW-ORDER PART OF THE BINARY INTEGER TO BE CONVERTED, 



2,3 .AG*2 

RESERVED FOR FUTURE USE SI DEC HARDWARE, 



2,4 AC+3 

AC^3 IS THE REGISTER DESIGNATED BY BITS 9»I2 OF THE EXTEND 
INSTRUCTION, PLUS 3 MOD 16, IN COMPARES, MOVES, AND BINARY TO 
DECIMAL CONVERSION, AC*3 CONTAINS THE LENGTH CIN BYTES) OF THE 
DESTINATION STRING, IN DECIMAL TO BINARY CONVERSION, AC*3 
CONTAINS THE HIGH*OROER BINARY DATA, 



2,5 AC*4 

THE NEXT REGISTER AFTER AC+3. IN EDIT, BINARY TO DECIMAL 
CONVERSION, AND MOVE STRING, A BYTE POINTER TO THE DESTINATION 
STRING, WHICH IS PROCESSED AS THOUGH BY lOPB TMP, AC+4, IM 
COMPARE STRING, AC+4 CONTAINS ft POINTER TO WHAT WE CALL THE 
DESTINATION STRING, BUT FOR CHOPEFULLY) OBVIOUS REASONS, WE 
LOAD BYTES FROM IT RATHER THAN DEPOSITING THEM, IN DECIMAL TO 
UNARY CONVERSION, AGt4 CONTAINS THE LOW»0RDER BINARY DATA, 



2,6 EO 

EO IS THE EFFiCTlfE ADDRESS OF THE EXTEND INSTRUCTION. CEO) IS 
THE WORD CONTAlNIIiG THE IXTINDEO OPERATION CODE IN BITS 0»8, 
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2.7 Ei 

El IS THE EFFECTIVE AODRESS COMPUTED FROM BITS l3-3§ OF i&Ql , 

2.8 OFFSET 

OFFSET IS BlfTE MODIFICATJOM BY ADDITION OF El, IN T«OSE 
INSTROCTIONS WHICH INCLUDE IK THEIR NAMES THE WORD «OFFSET», 
BYTES FROM THE SOURCE STRING ARE MODIFIED BEFORE USE M ADDING 
El TO THEM, FOR OFFSET OPERATIONS, Ei IS SIGN EXTENDED TO A 
W\ihh mm BY OUFilCATING BIT 18 IN SITS 0-17, 

2.9 TRANStATEO 

THIS IS ifTS MOOIFICATIOM 8f TRANSI.ATION THROUGH A TABIiE OF 
HAl,F«ORDS I.OCATE0 AT El, THIS OCCURS IN EOITf AND ALI, THOSE 
INSTRUCTIONS WHICH INCI.UDE THE WORD "TRANSLATED" IN THEIR 
NAMES, IN ADDITION TO PROVIDING THE TRANSLATION FUNCTION, 
THOSE INSTRUCTIONS WHICH USE TRANSLATION QhM CONTROL THE FLAGS 
IN AC, AND CAN DETECT SPECIAL CHARACTERS IN THE SOURCE STRING, 



2,10 S FLAG 

IN EDIT AND OTHER TRANSLATE*T¥PE INSTRUCTION, BIT OF AC IS 
CALLED THE S OR SIGNIFICANCE FLAG. IN THESE INSTRUCTION, THE 
SOURCE STRING IS SCANNED FROM LEFT lo RIGHT, TRANSLATlNa EACH 
CHARACTER, BUT AS LONG AS THE S FLAG IS 0, NO REFERENCE TO THE 
DESTINATION STRING IS MADE, THE S FLAG MAY BE SET BY THE 
PROGRAMMER WHEN THE INSTRUCTION IS STARTED, OR MAY BE SET BY 
THE DETECTION OF THE SIGNIFICANCE STARTER BIT IN fHE TRANSLATE 
TABLE, OR IN EDIT, BY EXECUTION OF THE START SIGNIFICANCE 
OPERATOR, IN DECIMAL TO BINARY CONVERSION, THE S FLAG 
INDICATES THE SIGNIFICANCE OF THE BINARY NUMBER IN AC+3 AND 
AC+4, IF THE S FLAG IS WHEN THE INSTRUCTION STARTS, STRING 
CLEARS Ae+3 AND AC*4, AND SETS THE SFLAG, IM BINARY TO 
DECIMAL CONVERSION, THE S FLAG IS BIT OF AC+3, AND INDICATES 
WHETHER LEADING ZEROS SHOULD BE STORED IN THE DESTINATION 
STRING TO FILL IT OUT TO THE LENGfH GIVEN BY RH(AC), 



2,11 N FLAG 

IN EDIT AND OTHER TRANSLATE-TYPE INSTRUCTIONS, BIT I OF AC IS 
CALLED THE i OR NQN»ZERO FLAG, IT MAY IE SET Bl THE PROGRAMMER 
WHEN THE INSTRUCTION IS STARTED, OR MAY BE SET BY DETECTION OF 
THE SIGNIFICANCE STARTER BIT IN THE TRANSLATE TABLE, IN BINARY 
TO DECIMAL CONVERSION, THE N FLAG IS BIT I OF AC43, AND IS SET 
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IF THE BINARlf NUMBER IN ACt3 AND ACt4 IS NOT &ERO, 



2,t2 M FI.AG 

IN EDIT AND OTHER TRANSI^ATE-TfFE JNSfRUGTIONS, eiT 2 OF AC IS 
CAliLED THE M OR MINUS FMGt IT MAY BE SET BY THE PROGRAM«ER# 
AND MAY BE SET, CLEARED* OR tiEFT AS IS BY THE SIGN CONTROli BITS 
IN THE TRANSLATE TABLE. IN DECIHAL TO BINARY CONVERSION, THE 
BINARY RESULT IS NEGATED IF THE M FLAG IS SET AT THE END OF THE 
CONVERSION, IN BOTH FORMS OF BINARf fO DECIMAL CONVERSION, THE 
M FLAG IS BIT 2 OF AC+3. IT «LL BE SET AT THE BEGINNING OP 
THE IMSTRUCTION IF THE BINARY NUMBER TO BE CONVERTED IS 
NEGATIVE, 



2,13 FILL CHARACTER 

MANY OF THE STRING OPERATIONS OF THE EXTENDED INSTRUCTION SET 
"FILL" A STRING TO MEET SOME LENGTH CONSTRAINT. FOR THIS 
PURPOSE THE WORD AT EO+l IS USED AS THE FILL CHARACTER. 



2, 14 MESSAGE CHARACTER 

EDIT PATTERNS MAY CALL FOR PRE-DEFINED SPECIAL CHARACTERS TO Bf 
INSERTED INTO THE DESTINATION STRING, UP TO §4 SUCH CHARACTERS 
MAY BE DEFINED FOR ANY EDITING OPERATION, OF WHICH TWO ARE THE 
FILL AND FLOAT CHARACTERS USED IN THE OPERATION, 



2, 1§ OOUBLE-PRECISION BINARY INTEGER 

THE BINARY INTEGERS ACCEPTED AS INPUT BY BINARY TO DECIMAL 
CONVERSION, AND PRODUCED BY DECIMAL TO BINARY CONVERSION HAVE 
THE SAME FORMAT AS DOUBLE»WORD INTEGERS PRODUCED AND ACCEPTED 
BY OTHER INSTRUCTIONS IN THE KLlO (NAMELY MUL, DiV, AND THE 
D0U8Li*W0RD INTEGER ARITHMETIC INSTI^UCTIONS OADD, 0SMB, OMUL, 
DOIV)** 

INTEGERS ARE REPRBSENTED IN TWO'S COMPLEMENT IN TWO AOaACENT 
WORDS, THE MOST SIGNIFICANT PART IS IN THE WORD WITH LOWEST 
ADDRESS, AND THAT WORD CARRIES THE SIGN OF THE ENTIRE QUANTITY, 
THE LEAST SIGNIFICANT PART OCCUPIES BITS l«-3S OF THE WORD WITH 
HIGHESR ADDRESS. BIT OF THAT WORD IS IGNORED IN ALL 
OPERANDS, AND. IS MADE EQUAL TO THE SIGN OF THE ANSWER IN ALL 
RESULTS, 
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3,0 STRING FUNCTIONS 

HERE ARE DETAILED OESCRlPf IONS OF THE VARIOUS OPERATIONS 
DEFINED IN THE EXTENDED JNSTRUCflON SITJ SIMUI.AIION ROUTINES, 
DEFINING THESE OPERATIONS IN TERMS OF THE KA/Kj IMSTROCTION 
SET, HAY BE FOUND IN SECTION S, 



3,1 STRING COMPARES 

AC BITS 9-3S SPECiri THE I,BNGTH OF THE SOURCE STRING, COUNTING 

IN gyfES, AC+I CONTAINS A BIfTE POINTER TO THE "SOURCE STRING", 

AC+3 BITS 9«3S SPECIFf THE LENGTH OF THE DESTINATION SfRING, 

AND AC+4 CONTAINS A iYTE POINTER fO THE "DESTINATION STRING*. 
BITS 0»8 OF AC AND ACtI MUST BE ZERO, 

THE SOURCE STRING IS COMPARED AGAINST THE DESTINATION STRING, 
AND THE INSTRUCTION SKIPS IF THE SPECiflEO SKIP CONDITION IS 
MET, (E.G. CMPSL SKIPS IF THE SOURCE STRING IS LESS THAN THE 
DESTINATION STRING), IF THE STRING LENGTHS DIFFER, THE 
COMPARISON PROCEEDS AS THOUGH THE SHORTER STRING WERE EXTENDED 
BY FILLING ON THE RIGHT TO THE LENGTH Of THE LONGER STRING, IF 
THE SOURCE STRING IS THE SHORTER, IT IS EFFECTIVELf EXTENDED 
WITH BYTES EQUAL TO (EO+1), IF THE DESTINATION STRING 15 THE 
SHORTER, If IS EXTENDED WITH (E04.23, 



3,2 EDIT 

AC CONTAINS FLAGS AND THE ADDRESS OF THE PATTERN STRING, AC+l 
CONTAINS A BYTE POINTER TO THE SOURCE STRING, AC+3 CONTAINS 
THE ADDRESS AT WHICH AC*4 IS STORED AT THE TIME SiaMIFICANCE 
BEGINS, THIS IS CALLiO THE MARK POINTER, AC+4 CONTAINS A BYTE 
POINTER TO THE DESTINATION STRING. 

THE PATTERN STRING IS A SEOUBNCS OF MJNIOPERATIQNS WHICH 
CONTROLS THE CREATION OF THE DESTINATION STRING PROM THE SOURCE 
STRING, El IS THE ADDRESS OF THE TRANSLATION TABLE TO BE USED 
FOR BYTES SELECTED FROM THE SOURCE STRING, E0*2 CONTAINS THE 
FLOAT CHARACTER TO BE STORED WHEN SIGNIFICANCE IS STARTED, OR 
ZERO IF NO FLOAT CHARACTER IS TO BE STOREDt EO+J CONTAINS THE 
FILL CHARACTER TO BE STORED ON EACH REFERENCE TO THE 
DESTINATION STRING WHILE SIGNIFICANCE IS OFF, OR ZERO IF THERE 
IS TO BE NO FILL CHARACTER, f^ESSAGE CHARACflRS ARE STORED 
FOLLOWING EO, WITH THE NTH CHARACTER AT BO+N+I, 



3,3 CONVERT DECIMAL TO BINARY 

CVTDBO AND CVTDBT USE A SOURCE STRING SPECIFIED BY A BYTE 
POINTER IN AC+1 AND A LENGTH IN AC# PROCESSING IT AS A DECIMAL 
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DIGit SfRlNG FROM LEFT TO RIGHT, CONVgRTING DIGITS TO A lINARy 
INTEGER IN ACt3 AND AC+4 UNTIL THE STRING LENGTH IS EXHAUSTED 
OR A NON»DIGIT IS FOUND IN THE STRING, IN CVTDBO, A N0N»DIGIT 
IS ANy SYTE lH THE SOURCE STRING WHOSE OFFSET VALUE IS NOT IN 
THE RANGE TO 9, IN CVTOBT, A NON-DIGIT IS AN¥ BXTE WHOSE 
TRANSLATION FUNCTION CONTAINS THE ABORT CODE, OR FOR WHICH THE 
LOW 4 BITS OF THE TRANSLATION FUNCTION EXCEED 9 MEN 
SIGNIFICANCE IS ON, 



1.4 CONVERT BINARY TO DECIMAL 

CVTBDO AND CVTBOT GENERATE A DECIMAL DIGIT STRING AS SPECIFIED 
Bit A BfTE POINTER IN ACt4 AND A LENGTH IN AC+3, REPRESENTING 
THE MAGNITUDE OF THE BINARI INTEGER IN AC AND ACtl, IN CVTBDO, 
THE OFFSET IS ADDED TO EACH DIGIT BEFORE STORING A B¥TE, IN 
CVTiDT, DIGITS ARE USED AS AN INDEX INTO TIE TRANSLATION TABLE 
AT EI TO DETERMINE WHAT B5fTE TO STORE FOR EACH. IF THE LENGTH 
IN AC+3 IS LESS THAN THE NUMBER OF DIGITS REQUIRED TO REPRESENT 
THE MAGNITUDE OF THE ilMARIf NUMlER IN AC AND AC+l, THE EXTEND 
INSTRUCTION TAKES A NON-SKIP EXIT WITHOUT STORING ANYTHING IN 
THE DESTINATION STRING. IF THE LENGTH IN AC+3 IS GREATER THAN 
THE NUMBER OF DIGITS REQUIRED TO REPRESENT THE BINARJ, AND THE 
S FLAG IN AC+3 IS I, BINARf TO DECIMAL CONVERSION STORES FILL 
CHARACTERS (EO+U TO RIGHT»ALIGN THE DECIMAL INTEGER IN THE 
DESTINATION STRING, IF THE S FLAG IS ZERO, OR THE LENGTH IN 
AC+3 IS EQUAL TO THE NUMBER OF DIGITS REQUIRED, NO FILL 
CHARACTERS ARE STORED, AND THE DESTINATION STRING BEGINS WITH 
THE FIRST SIGNIFICANT DIGIT OF THE BINARY INTEGER, 



3,5 MOVSO, MOVST 

THESE INSTRUCTIONS COPf A BYTE STRING FROM SOURCE TO 
DESTINATION, MOVSO ADDS El TO EACH SOURCE BYTE BEFORE STORING 
IN THE DESTINATION STRING* AND MOVST TRANSLATES EACH SOURCE 
BYTE THROUGH A TABLE OF HaLF»ORDS AT El, AC+l CONTAINS THE 
SOURCE STRING BYTE POINTER, AC BITS 9»3S CONTAIN THE LENGTH OF 
THE SOURCE STRING, AC+4 CONTAINS THE DESTINATION STRING 
POINTER, AND AC+3 BITS 9.3S CONTAINS THE DESTINATION STRING 
LENGTH, IF THE SOURCi SfRtNG IS LONGER THAN THE DESTINATION 
STRING, THE OPERATION TERMINATES AFTER TRANSFERING THE NUMBER 
OF BYTES SPECIFIED FOR THE DESTINATION STRING, «ITH AC 
CONTAINING THE OIFFERENCI IN LENGTH, IF THE SOURCE STRING IS 
SHORTER THAN THE DESTINATION STRING, THE DESTINATION STRING IS 
FILLED OUT TO ITS FULL LENGTH WITH BYTES EQUAL TO (gO+I ) , 



3,6 MOVSLa* MQVSRa 

THESE INSTRUCTIONS COPY A SOURCE STRING TO A DESTINATtON STRING 
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WItilOOT MOPIPICATIOII OF BITES, WITH AN OPTION FOR LEFT OR RIGHT 
auSTIFICATIOK or THE SOiRCE STRING WITHIN THE DESTINATION 
STRING, THEy ARE EQUIVALENT TO MOVSO WITH AN OFFSST OF ZERO, 
EXCEPT THAT MOVSRJ STORES flhh CHARACTERS CEO+l) IN THE 
DESTINATION STRING BEFORE TRANSFERING THE SOURCE STRING, IF THE 
SOURCE STRING IS SHORTER THAN THE DESTINATION STRING, OR SKIPS 
OVER THE INITlAt. CHARACTERS OF THE SOURCE STRING IF THE SOURCE 
STRING IS LONGER THAN THE DESTINATION STRING, 

N0V5W AND MOVSRJ SHOULD iE USED FOR THEIR SPEED ADVANTAGE IN 
CASES WHERE NO BTTE MODIFICATION IS NEEDED, RATHER THAN MOVSO 
WITH AN OFFSET OF ZERO, 



4,0 EDIT TUTORIAL 

EDIT IS INTENDED TO PROVIDE THE FACILITIES NEEDED, PARTICULARLY 
IN COBOL AND PL/I, TO CREATE FORMATTED CHARACTER STRINGS FOR 
OWTPUTv THE PRIMARY FEATURES REQUIRED ARE SLANKING OF LEADING 
ZEROS, AND INSERTION OF A CURRENCY SyWiOL IMMEDIATELY TO THE 
LEFT OF THE MOST SIGNiriCANT DIGIT, EDIT PROVIDES OTHER USEFUL 
FEATURES, BUT LET 'S START WITH A SIMPLE EDITING EXAMPLE fO SEE 
HOW IT WORKS, IN ORDER TO UNDERSTAND IT, YtJU WILL WANT TO 
TRACE YOUR WAY THROUGH THE EDIT SIMULATOR IN SECTION S AS YOU 
READ THE DESCRIPTION, 

rPATTBRN CODE AND TRANSLAfE TABLE DEFINITIONS 



STOPsaO 

SELECTssl 
StGSTsa2 

FLDSEP»«3 
EXCHMDBS4 

MESSAGiSslOO 



SKPM«s500 
SKPNsaeoO 
SKPA»«700 



SBlTs=400000 
ABORf«=l0OOOO 
MCLR«»200000 
MSET*a300000 



ITERMIMATE EDIT, EXTEND INSTR SKIPS 

^SELECT NEXT SOURCE BYTE 

rFORCE SIGNIFICANCE 

; FIELD SEPARATOR 

rEXCH MARK AND OEST POINTERS tAC+3 AND AC+43 

? INSERT MESSAGE CHARACTER 

JLOW 6 BITS SELECT ONE OF EO*I WRU EO+lOO 

I SKIP IF M FLAG SET 

?SKIP IF N FLAG SET 

IBKIW ALWAYS 

ISUCCESSFOL SKIPS ADVANCE OVER 1 TO 64 PATTERN 

; BYTES AS SELECTED BY LOW 6 BlfS OF OPERATOR 

J SET S AND « FLAGS 

yABORT EDIT CNO SKIP) 

f CLEAR M FLAG 

?SET M FLAG 



5ETZM 


DEST 


SETZM 


OEST+I 


MOVE I 


AC , PATERN 


MOVE 


AC+i»SRCPNT 


MOVEI 


AC +3, MARK 



ICLEAR SPACE FOR OUTPUT STRING 

f SETUP PATTERN ADDRESS IN AC 
I SOURCE STRING POINTER 
rWHERE TO STORE SIG PTR 
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MOVE 

EXTEND 

HAI.T 

OOTSTR 0E5T 



AC*4,DSTfNT 
ACXOP 



J DESTINATION STRIWG POINTER 
I EDIT USIMG TABiiE 
^SOMETHING'S WRONG,,, 
jSHOW off the RiSUIiT 



PATEBNI eiTE 



( 9 ) SiJ*ECf r Sgl«ECT# SEI^ECf f SEl«BCf # STOP 



SRCFNTi POINT 4, SOURCE 
0STPNTJ POINT 7, BEST 



tlWB POINTER TO WPUT DATA 

r (BCD DIGITS) 

aOPB POINTER TO ASCII OWPOT 



XOPj 



TABLES 



EDIT,,TA8j;»E 





XK0 

XWD 

XWD 

XWD 

XWD 



lEXfEMDED OP EDIT, USING TABiE 
|tNlTlAX.l,y, PARAMETERS hhh %mO 



5BITJ»2»,S61Ti»3" 
SBITI«'4»,S8ITi'»S« 
SBITIweWrSBITI"?" 
SBITI«»8»,SBITi''9« 



REPEAT 3r<XWD ABORT, ASORT> 
MARKS BtiOCK I 
BEST I BtOCK 2 



y SAVED COPY OF DISTIWATION PTR 
I AT SIGNIFICANCE START TIME 
J OUTPUT STRING Wlhh GO HERE 



THE SIZE or PATTERN BYTES IS (BY DEFINITIOi Of EDIT) 
ALWAYS 9 Bits. SOURCE AND DESflNAflON BYTES AREDEFINIO 
ENTIRELY BY THEIR RESPECTIVE BYTE POINTERS, IN THE USUAL •iO 
FORM, I HAVE SET UP SRCPNT WITH BYTE SIZE 4, BECAUSE I AM 
ASSUMING THE SOURCE STRING TO BE PACKED BCD DIGITS, IT COULD 
ftS CONVENIENTLY BE SIXBlf, ASCII, OR EBCDIC (SORRY, RAOIXgO 
!iiON«T MAKE IT), USING THE BCD ASSUMPt ION, CONSIDER THE 
FOLLOWING SOURCE STRING -• 

SOURCES BYTE (4)0,1,0,6 

EXTEND WILL BEGIN BY DECODING THE WORD AT ITS EFFECTIVE ADDRESS 
(XOP)r AND WILL THEREFORE PERFORM AN EDIT, SINCE AC BITS 4»5 
ARE ZERO, THE INITIAL PATTERN BYTE WILL BE TAKEN FROM BITS 0-8 
or THE »ORD AT »PATERN«| IE, IT WILL PERFORM "SgLECf, THE 
FIRST BYTE CO) WILL BE LOADED FROM "SOURCE", AND TRANSLATED 
THROUGH THE LEFT HALF OF LOCATION «TABLE" CLEFT HALF, BECAUSE 
THE LOW-ORDER BIT OF THE BYTE IS 0, AND LOCATION TABLE BlCAUSS 
THE HIGH ORDER BITS OF THE BYTE ARE 0, WHICH WHEN ADDED f II , 
GIVES THE ADDRESS «TA8LE«)i THE S FLAG IN AC IS OFF, AND THE S 
BIT IN THIS TABLE HALfiORD IS NOT SET, SO EDIT AflTBMFTS TO 
STORE A FILL CHARACTER, EO+1 (THE FILL CHARACTfiR) IS ZERO, 
HOWEVER, SO NO CHARACTER IS STORED, AND EDIT PROCEOES TO THE 
NEXT PATTERN BYTE, 

HERE IS ANOTHER SELECT, SO THE SECOND SOURCE DIGIT (1) IS 
OBTAINED AND TRANSLATED, TRANSLATION YIELDS THE RIGHT HALF OF 
LOCATION TABLE, WHERE THE S BIT IS Slf, 50 EDIT COPIES THE 
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OESTINATIOK POINTER (AC*4) TO THE MARK POINTER (ADDRESSED Bt 
AC+3), SETS THE S FI.AG IK ACf AND ATTEMPTS TO STORE THE FWAT 
CHARACTER, THE CONTENTS Of E0t2 IS ZERO, HOWEVER, SO NO FLOAT 
CHARACTER IS STORED, ANO riNALM THE TRANSITS FUNCTIOK (IE, 
ASCII "t") IS STORED AS THE FIRST CHARACTER IN THE DESTINATION 
STRING. 

THE NEXT PATTERN BIfTE IS SELECT, SO EDIT 1.00KS AT THE NEXT 
DIGIT (0) IN THE SOyRCE STRING, AND TRANSLATES IT THROUGH 
TABLE, AT THIS TIME THE 5 FliAG IS 1, SO THE TRANSLATE rUNCTION 
(ASCII "O") IS STORED IN THE DESTINATION STRING, 

THE FOURTH PATTERN BlfTE IS SELECT AGAIN, SO EDIT 
TRANSLATES THE NEXT SOURCE B¥TE (6) THROUGH THE LEFT HALF OF 
TABLE 1 3, AND STORES ASCII "♦&« AS THE THIRD CHARACTER OF THE 
DESTINATION STRING, THE NEXT PATTERN BYTE IS STOP, SO EXTEND 
TERMINATES WITH A SKIP, HAVING CREATED A STRING AT DEST 
EaUlVALENT TO ASCII "106», SIMILARLY, IF THE STRING AT SOURCE 
HAD BEEN 

»5fTE (4)11, &,2, 3 

DEST WOULD HAVE BECOME ASCII '•962|», AND IF SOURCE HAD SEEN 

BXTE (4)0,0,0,4 

DEST WOULD iE ASCII ••4 », 

SO FAR, I'VE TRIED TO SHOSi HOW THE S ilT IN THE TABLE IS 
USED WITH THE S FLAG IN AC TO SUPPRESS LEADING ZEROS, THES 
BIT IS SET IN EACH TABLE ENTR)f WHICH CORRESPONDS TO A SOURCE 
CHARACTER WHICH SHOULD NOT BE SUPPRESSED. HOPEFULLy» IT'S ALSO 
CLEAR THAT THE INSTRUCTION KNOWS NOTHING ABOUT THE CHARACTER 
SET BEING USED, SO A TABLE CHANGE COULD BE USED TO SUPPRESS ANf 
LEADING CHARACTER OR CHARACTERS IN THE SOURCE STRING, 

NOW LET'S CHANGE THE EXAMPLE — 

XOP/ EDIT,, TABLE rSAME AS BEFORE 

"<SPACE>'' ^ENABLE ASCII SPACE AS FILL CHAR 

■ ■ 

NOTEt THE S¥MBOL <SPACE> IS USED IN THE FOLLOWING DISCUSSION 
TO REPRESENT A SINGLE SPACEt IN ORDER TO ELIMINATE THE PROBLEM 
OF COUNTING THEM WHEN THE NUMBER IS IMPORTANT, 

HERE WE'VE CHANGED THE "PARAMETER LIST" FOR THE OPERATION TO 
INCLUDE A FILL CHARACTER, WALKING THROUGH EDIT AGAIN, WE FIND 
THAT SELECT PICKS UP THE FIRST SOURCE BYTE (0), TRANSLATES IT 
THROUGH THE LEFT HALF OF TABLE, AND FINDS THAT BOTH THE S FLAG 
IN AC AND THE S BIT IN THE TABLE ARE ZERO, IT THEREFORE FINDS 
THE FILL CHARACTER, WHICH IS NON-ZERO, AMD STORES IT IN THE 
DESTINATION STRING, AFTER THIS POINf, THE SEQUENCE IS THE SAME 
AS, IN THE EARLIER EXAMPLE* SO THE RESULTING OBiTINATIDN STRING 
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IS NOW «<SPAC«>106'', SOURCE OF n,e,2#3 WOULD HAVE RESWWEP IN 

"ggaa", and source or o#OrO#4 muho produce 

«'<SPACE><SPAC1><SPACE>4», THUS THE FIliL CHARACTER IS USED fO 
PRODUCE A CONSTANT FIELD WIDTH IN THE OUTPUT STRING, »«ILE 
SUPPRESSING INSIGNIFICANT LSAOING CHARACTERS, 

TO DEMONSTRATE USE or THE FLOAT CHARACTER » LET'S CHANGE THE 
PARAMETER LIST AGAIN, ADDING A FLOAT CHARACTER »• 

XOP/ EDIT»# TABLE 

*<SPACEi^'' 

"I* ?N0I« HAVE FLOAT CHAR DOLLAR SIGN 

RERUNNING THE EXAMPLE, WfSei: THAT THE LEADING ZERO IS AGAIN 
SOPPRBSSED WITH A SPACE, BUT THE SECOND DIGIT OF THE SOURCE 
STRING (1) TRANSLATES THROUGH THE RIGHT HALF OF TABLE, IN WHICH 
THE S BIT IS ONE. SINCE THE S FLAG IN AC IS ZERO AT THIS TIME» 
EDIT RECOGNIZES THIS SITUATION AS SIGNIFICANCE START, SO IT 
COPIES THE DESTINATION POINTER TO THE MARK POINTER, SETS THE S 
FLAG IN AC, AND FINDS A NON-ZERO FLOAT CHARACTER, THIS 
CHARACTER IS STORED IN THE DESTINATION STRING, AND THEN THE 
TRANSLATED VALUE FROM TABLE IS STORED IN DEST, AFTER THIS 
POINT, EDITING PROCEDES AS BEFORE, RESULTING IN THE FOLLOWING 
STRING AT DEST? ••<SPACE>$ J06« , THE OTHER SOORCE STRINGS USED 
AS EXAMPLES WOULD ¥IELD DESTINATION STRINGS OF "S9623" AND 
"CSPACEXSPACEXSPACE^S^", 

I'M SURE XOU'VE NOTICED THAT I DIDN'T USE A SOURCE STRING OF 
ALL ZEROS IN m EARLIER EXAMPLES, AND THAT IF I HAD, I «OWLD 
HAVE GOTTEN NULL RESULTS IN THE DESTINATION STRING, FOR THOSE 
WHO BELIEVE ZEROS TO BE SOMEflMiS SIGNIFICANT, THEREFORE, SfE 
HAVE A SIGNiriCANCE STARTER PATTERN CODE, WHICH TELLS EDIT TO 
SET THE 5 FLAG IN AC, INDEPENDENT OF THE SOURCE STRING! IN 
EFFiCT, TO PRETEND IT HAS SIGNIFICANCE, IN THE FIRST EXAMPLE, 
ir THE SOURCE STRING HAD BEEN 0,0, 0#0 NOTHING WOULD HAVE BEEN 
STORED IN THE DESTINATION STRING, CHaHCING THE PATTERN TO 

PATIRN/ SELECT, SELi:CT,SiLECT,SIGST, SELECT, STOP 

GIVES THE SAME RESULTS FOR THE SOURCE STRINGS USED AS EXAMPLES* 
BUT FOR 0,0,0,0 NOW GIVES ASCII «0" IN THE DESflNATIQN STRING, 
IF FILL CHARACTERS ARE USED, AS IN THE SECOND EXAMPLE, AH 
ALL-ZERO SOURCE GIVES A DESTINATION STRING CONSISTING ENTIRBLlf 
or FILL CHARACTERS, WHILE INSERTING A SIGST PATTERN OPERATOR 
aUST BEFORE THE FINAL SELECT GIVES '»<SPACE><SPACi><SPACe>0'', 

NOW LET'S ADO TO THE PARAMETER LIST TO DEMONSTRATE USE OF 
MESSAGE CHARACTERS — 

XOP/ EDIT,, TABLE 
''<SPACE>'' 
»$» 

*,» I MAKE COMMA AVAILABLE FOR MESSAGE 2 

»,» I PERIOD, TOO, AS MESSAGE 3 
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NOW WE CAN CREATE SOME SNAZZIER FORMAfS Stlhh, FOR E^AMPM, 

PATERN/ SEl.ECT,MESSAGf2,SEliSCT,SEtECT 
SIGSf,SEI.ECl,afOP 

WlfM THE ORIGINAI, SOURCE STRING (0,1,0,6) EDIT SEES THE S FI.AG 
OFF WHEN FINDING THE MES5AG CODE IN THE PATTERN, SO IT STORES A 
FILI, CHARACTER, RESPITING IN A DESTINATION STRING OF 
"<SPAC£><SPACE>$106% USED ON THE SECOND SAMPLE STRING 
(11,6,2,3), HOWEVER, THE MESSAG CODE IS FOUND AFTER THE S WhhQ 
HAS iEBN SET, SO EDIT INSERTS A COMMA, THE DESIGNATED MESSAGE 
CHARACTER, FOR THIS RESUl,Tt «$t, 621". ANOTHER PATTERN 

PATERN/ SEI.ECT, SELECT, SIG5T, message! 
SELECT, SEI,ECT, STOP 

FORCES SIGNIFICANCE BEFORE THE MESSAG CODE, SO A PERIOD WILL 
ALWAYS BE INSERTED, YIELOING THESE RESULTS ON THE SAMPLE SOURCE 
STRINGS! «<SPACE>81,06", "Sge.ZI", AND »<SPACE><SPACC>$,04»- 
MESSAGE CHARACTERS, IN GENERAL, PROVIDE FOR FORMATTING THE 
OUTPUT BETWEEN SIGNIFICANT CHARACTERS DERIVED FROM THE SOURCE 
STRING, 

¥OU«RE PROBABLY GETTING IS iORED WITH THIS EXAMPLE AS I AM, SO 
LET'S TAKE ON A DIFFERENT KIND OF PROBLEM j CREATE AN OCTAL 
OUTPUT STRING IN DOT'S "HALFWORD" FORM CIS, LfFT HALF,, RIGHT 
HALF), WITH LEADING ZEROS SUPPRESSED IN BOTH HALVES, LET'S 
EVEN GO SO FAR AS TO SUPPRESS THE LEFT HALF AND DOUlLg COMMA 
ENTIRELf WHIN THE LEFT HALF IS ZERO, 

WE'LL NEED A NEW SOURCE POINTER, SINCE WE ARE INTERESTED IN 
^•BIT BYTES (OCTAL DIGITS) RATHER THAN BCD DIGITS, AND OF 
COURSE THE PATTERN WILL BE DIFFERENT, BUT THE SAME TABLE AND 
DESTINATION POINTER WILL SERVE QUITE ADEQUATELY, 

SRCPNT/ POINT 3, SOURCE 

PATERN/ SELECT, SELECT, SELECT, SELECT 

SELECT, SELECT, MESSAG+2 , MES5AG42 
FLDSEP , SELECT, SELECT, SELECT 
SELECT , SELECT , S IGST , SELECT 
STOP 

il WANT NEITHER FILL NOR FLOAT CHARACTERS, SO THE PARAMETER 
LIST BECOMES •• 

XOP/ EDIT,, TABLE 

INO FILL 

rNO FLOAT 

*#* yCOMMA AS MESSAGE 2 

THE FIRST 2 PATTERN WORDS CONTAINS SIX SELECT COOES, 
CORRESPONDING TO THE SIX OCTAL DIGITS IN THE LEFT HALFWORD Of 
THE SOURCE, PRESUMABLY, IT'S CLEAR HOW THE OCTAL DIGITS ARE 
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mhUShhWD THROUGH OUR FORMERI^Y BCD fhBhZf AMI? FROM THE BARl^JER 
DISCUSSION I ASSUME YOU RECOGNIZE THAT NOTHING WliL SE STORED 
6V THE FIRST 6 SEliECTS IF THE tEFT HALF Of THE SOWCE WOR& IS 
ZERO, REMEMBERING, NOW, THAT MESSAG ATTEMPTS TO STORE A FIl^l, 
CHARACTER IF THE S FI.AG IS OFF, AND THAT THE Flt^I. CHMACTER IS 
ZERO, YOU CAN SEE THAT NEITHIR OIGITS NOR COMMAS Wlhh BE STORED 
IF THE liEFT HALF IS ZERO, BUT THAT COMMAS Wlltt, BE STORED IF A 
SIGNIFICANT (READ M0N*2ER0) OCTAl, DIGIT IS rOUSO IS THE LEFT 
HALF OF THE SOURCE WORD, 

NEXT IN THE PATTERN, «E FIND FLDSEP, WHOSE SOLE FUNCflON IS TO 
CLEAR THE S, M, AND M FLAGS IN AC, THIS MEANS THAT THE EDITING 
OPERATION STARTS AFRESH WITH THE RIGHT HALF OF THE SOURCE WORD, 
SELECTING SOURCE DIGITS, SUT STORING NOTHING UNTIL SIGNIFICANCE 
IS FOUND IN THE RIGHT HALF. FINALLY, JUST IN CASE THE RIGHT 
HALF IS ZERO, »E THROW IN A SIGST OPERATOR BEFORE THE t2TH 
SELECT TO ENSURE THAT SOMETHING GETS OUTPUT, 

COBOL HAS A DATA ATTRIBUTE KNOWN AS "BLANK-WHEN»ZiRO» , IT 
MEANS THAT AN EDIT OUTPUT FIELD HAVING THAT SPECIFICATION MUST 
BE TOTALLY BLANKED IF THE DATA IS ZERO, SO THAT THE QUANTITY 
%05» WOULD BE REPRESENTED AS SHOWN, BUT «,00» MOST BE BLANKED, 
IN ORDER TO CREATE »,Q5" WITH EDIT, WE WOULD FORCE 
SIGNIFICANCE, USING SIGST, BEFORE: THE MESSAG CODE WHICH OUTPUTS 
THE PERIOD, THEREBY HAVING THE S FLAG ON SO Ng GET », OS" RATHER 
THAN-<SPACE><SPACE>§«», HAVING SET IT ARBITRARILY, HOWEVER, WE 
CAN NO LONGER USE IT TO INDICATE WHETHER THE DATA WaS NON-ZERO, 
THEREFORE, WE DEPEND ON THE N FLAG, WHICH LIKE THE S FLAG, IS 
SET BY THE S BIT IN THE TABLE, BUT CANNOT BE TURNED ON BY A 
PATTERN OPERATOR, THE SKIP OPERATORS IN THE PATTERN ALLOW US 
TO SPECIFY CERTAIN EDITING OPERATIONS WHICH ARE TO BE 0«MITTED 
WHEN THE SKIP CONDITION IS MET. IN PARTICULAR, SKPN PERMITS 
EDIT TO OMIT PATTERN STEPS WHICH BLANK THE ENTIRE FIELD, IP THE 
DATA IS NON^ZERO, ALSO, EXCHMD GIVES US A WAY OF RESETING THE 
DESTINATION POINTER TO THE VALUE IT HAD WHEN WE STARTED 
SIGNIFICANCE, SO WE CAN GET BACK fO THE NON^BLANK CHARACTERS, 
CONSIDERS 

PATERN/ SELECT, SELECT,SIGST,MESSAG+3 
SELECT , SELECT , SKPN + 4 # EXCHMD 
MESSAG+0 , MESSAG+0 , MESSAG#0 , MESSAG^O 
STOP 

XOP/ EDIT,, TABLE 

••<SPACE>« 

* » * 

WHEN EDIT COMPLETES THE FIRST LINE OF PATTERN, THE DESTINATION 
STRING WILL BE ONE OFj »SNN,NN», »<SFACE»$N,NN'', OR 
'«<SPACE><SPACE>$,NN% IN THE THIRD CASE, IT IS POSSIBLE THAT 
THE DATA IS ZERO, AND THEREFORE THAT THE N FLAG IS NOT SET, IN 
ANY OTHER CASE, THE SKPN WILL CAUSE EDIT TO SKIP TO THE STOP 
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OPERATOR, AND THE F1EI,D WltL BE fcEFT IN THE FORM SHOWN, IF, 
HOWEVER, THE DATA IS ZERO, THE SKpN WILL NOT SKIP, AND EXCHMD 
WILL RESET THE DESTINATION POINTER TO THE VALUE IT HAD WHEN 
SIGNIFICANCE WAS STARTED (IE, TO POINT TO THE BYTE PRECEDING 
THE "$»), THE FOUR OCCWRANCES OF MESSAG+O WILL STORE THE 
SELECTED MESSAGE CHARACTER (SPACE) OVER THE DOLLAR SIGN, 
PERIOD, AND BOTH ZEROS, LEAVING THE FIELD SLANK AS DESIRED, 

IT SHOULD IE POINTED QUf THAT THE SEPX PATTERN OPERATORS SKIP 
OVER N4^1 SUCCEEDING PATTERN BYTES, WHERE N IS THE VALUE Of THE 
SKIP-LENGTH SrTE, (EG, SKPK+0#X PERFORMS THE OPERATOR "X* IF 
AND ONLY IF THE N FLAG IS ZERO), THUS, A SINGLE SKIP OPERATOR 
«AY CONTROL THE EXECUTION OF UP TO §4 PATTERN B^TES, IN CASES 
WHERE MORE THAN 64 MUST BE CONTROLLED, THE CONDITIONAL PART OF 
THE PATTERN MAY BE BROKEN INTO SECTIONS, THUS! 

,,,SKPXta, J PATTERN BYTiS,SKPA+0,SKPA#K, K+l PATTERN ilTES,,, 

IF THE SKPX+J SKIPS, IT TRANSFERS OVER THE FIRST GROUP Of 4 
BYTES AND THE SKPA+0, TO LAND ON THE SKPA+K, WHICH TRANSFERS 
OVER THE SECOND GROUP, IF THE FIRST GROUP DOES NOT CHANGE THE 
TESTED FLAG, THEN THE FOLLOWING SEQUENCE WORKS I 

,,,SKPX'|.J, U+l PATTERN BYTES, SKPX+K, K+1 PATTERN BYTES,,, 

AND OF COURSE, IF THE SKIP IS ONLY TRAISFERING fO A STOP 
OPERATOR, WE CAN RE-ARRANGE THE PATTERN TO S 

,,,SKPX+0,SKPA+0,STOP, ,,, ANY NUMBER OF PATTERK BYTES, STOP 

THIS LAST SEQUENCE ALSO DEMONSTRATES CONDITIONAL SKIPPING OVER 
A SKPA TO REVERSE THE SENSE OF A CONDITIONAL SKIP, 

IT IS PERHAPS WORTHY OF NOTE* AT THIS POINT, THAT THE SET OF 
PATTERN OPERATORS CONTAINS NO MECHANISM FOR BRANCHING BACKWARDS 
(IE, LOOPING), THIS WAS A CONSCIOUS DECISION, BASED ON THE 
BELIEF THAT THE FACILITIES AVAILABLE FOR LOOP CONTROL ARE NOT 
REALLY SUFFICIENT, AND IT WOULD BE DIFFICULT TO ADD GOOD ONES, 
WE 00 STILL HAVE RESERVED OPERATORS AVAILABLE FOR FUTURE 
EXPANSION, AND I WOULD BE PLEASED TO SEE A PROPOSAL WHICH 
ALLOWS LOOPING, THE MAaOR DIFFICULTY IS IN PRESERVING THE LOOP 
COUNT IN SUCH A WAY THAT THE INSTRUCTION CAN BE PROPERLY 
CONTINUED AFTER A PAGE FAULT OR INTERRUPT, 

IT IS COMMON PRACTICE, IN THE CARD-ORIENTED WORLD Of BUSINESS 
DATA PROCESSING, TO INDICATE THE SIGN OF A NUMERIC FIELD IN A 
CARD BY OVERPUNCHING A DIGIT, USUALLY THE LQW-ORDER DIGIT, WITH 
A t (12 PUNCH) OR • Cll PUNCH),, DUE TO THE WONOERFULNESS OF 
THE EBCDIC CARD CODE, THIS CONSTRAINS COBOL TO RECOGNIZING THE 
LETTERS A THROUGH I AS +1 TQ +9, J THROUGH R AS •! TO -9, AND A 
GRAND ASSORTMENT OF RANDOM CHARACTERS AS + OR -O, SINCE EDIT 
MAY FIND ITSELF PRESENTED WITH SUCH CHARACTERS, THE TRANSLATE 
TABLE COMES EOUIPPED WITH CONTROL FUNCTIONS WHICH CAN SET, 
CLEAR, OR LEAVE ALONE THE M FLAG, SO THAT AN APPROPRIATELY 
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PASS 15 



DEFINED fABEiE CAUSES f8E « FI*AS TO IMDICAtE THE SIGN OF THE 
SOURCE DATA, (THE FOURTH CONTROL FUNCTION FROM THE TAB1.E 
IMMEDIATE TERMINATION OF THE EDIT, PERMITTING THE 
TO MAKE hm INTERPRETATION WHATSOEVER OF THE SOURCE 



CAUSES 
PROGRAM 

BYTE ( ) 



SINCE WE'RE NOW TAIiKINS ABOUT THE FUtL CARD CHARACTER SET, 
m^m NEED A DIFFERENT TRANSI*ATION TABI<E, ASSUMING 7»8IT ASCII 
SOURCE AND DESTINATION, THE TABfcE I,0OKS tlKE THIS-* 



TABliES REPEAT 
XWD 

REPEAT 
XWD 
XW0 
XWD 
XWD 

xm 

XHD 

XWD 

XWO 

XWD 

X«D 

REPEAT 

XKD 

XWD 

XWD 

XWD 

XWD 

XWD 

XWD 

XWD 

XWD 

XW0 

XWD 

REPEAT 



20f<A10RT#rA80RT> 
"CfMSETlwO" 
2,<AB0RT,,A»QRT> 
MCLRJ"0»,AB0RT 
ABORT, ABORT 
ABORT, MCmi»0« 
A10RT,MSET|«0'» 
ABORT, ABORT 
"O^jSaiTJ"!" 
SlITI''2»,SBlTi''3" 
SBITI«4«,SBIT|'»$» 
S8ITi»6»,SBIT|»7» 
SBITJ»8«,SBITJ»9» 
2,<AB0RT,,AB0RT> 
ABORT, MCl.Ri«Q» 
ABORT, SBlTiMCtR|»l» 
SBITlMCLRi«2'',SBlT|MCtiRi»»|» 
SBIT|MCIiRi''4'«,S&ITiMCI.Ri'»S« 
SBlT|MCl4Rj''6«»,SBITJMCL»i«'f» 
SBITJMCLRi»8»,SSITtMCljRl»9« 
SBlT|MSETi«l'',SBIT|MSETi»2» 
SBlTtMSEfl«3",SBlTlMSETi»4'' 
SiIT|MSET|«S»',SBITl«SETi"#« 
SBITjMSETi''7'',S8IT|MSETl'»8« 
SBIT|MSET{«9'', ABORT 
26,<ABORT,,AB0RT> 



JCONTROI* CHARS 0»37 
fSPACi30,:^t»" 

?0,1 
?2,3 

;4,5 

? I»40 
?Aaf 1 

■ |B*+-2, 



C*+3- 



y-H^+S, 



I»49 

,itsi»2 



rR«»9 
ft THRU 



177 



THE IMPORTANT FEATURES OF THIS TRAKSI.ATION TABi,E AREI 



1) STRANGE CHARACTERS FOR WHICH WE DO NOT HAVE 
CORRESPONDING DIGITS ARE MARKED WITH THE ABORT CODE, 
PRESUMABW, IF EDIT ENCOUNTERED THEM IN THE SOURCE, WE 
WOUiD ISSUE A DIAGNOSTIC MESSAGE TO THE USER, 

2) CHARACTERS REPRESENTING NON-ZERO DIGITS HAVE TABtiE 
ENTRIES IN WHICH THE S BIT IS SET, ENTRIES FOR 
REPRESENTATIONS OF 2ER0 HAVE THE S BIT SERO, 

33 CHARACTERS REPRESSNTING EXPMClTl.y SIGMiD DIGITS HAVE 
TABLE ENTRIES WHICH EXPIiICITLy SET OR CLEAR THE « FLAG, 
UNSIGNED DIGITS DO NOT TOUCH THE M FLAG, SO Bf THE END 
OF THE EDIT, IT WILL EITHER DEFAULT TO ITS INITTAL 
VALUE, OR TAKE THE VALUE FORCED BY THE RIGHTMOST 
EXPLICITLY SIGNED DIGIT, IF WE WISHED TO IGNORE SIGNS 
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OM DIGITS OTHER THAN THE RIGHTMOST, WE WOUl,D MAKE Al»t4 
ENTRIES EXPLIClTt*¥ SET OR CI^EAR THE M FtAG, 

WITH THIS TABl<E A«D A SOMEWHAT EXTENDED PARAMETER t»IST, HERE'S 

PART OF A PATTERN WHICH RECOGNIZES A NEGATIVE SOURCE AS A 

CREDIT, AND MARKS THE DESTINATION STRING WITH •»CR« IN THAT 

CASE*" 

,,,5EtECT,S«PM+2,«ESSAG+0,MESSAG#0, STOP, MESSA6+4,MgSSAa+S, STOP 

XOP/ EOIT,,TABI*E 

»<SPACE>« 
«$»• 

%" 
»»R» 

THE SKPM TESTS THE M ri^AG TO CHOOSE WHICH OF TWO MESSAGES TO 
OtfTPUT (EITHER •<SPACE»<SPACE»«' OR "CR"). THE TEST MIGHT, OF 
COURSE, BE COMBINED WITH A SKPN TO DO A THIRD OPERATION If THE 
DATA WERE ZERO, NOTE THAT EDIT CONSIDERS DIGIT STRINGS TO BE 
REPRESENTED AS SIGN-MAGWITOOE, SO "-O" EXISTS AND M0ST UB 
ALLOWED FOR, 

TO EDIT FROM THIS CARD CODE TO A READABLE FORM WITH, SAY, SIX 
DIGITS AND TWO DECIMAL PLACES, ONE MIGHT USE A PATTERN LIKE-* 

PATERN/ SELECT, MESSAGt 2, SELECT I SELECT 
SIGST, SELECT, MESSAG+ 3, SELECT 
SELECT, SKPN40, STOP, SKPM+O 
STOP , EXCHMD , MESSAG+4 , STOP 

XOP/ EDIT,, TABLE 

»<SPACE>'' 
»^» 

", " 
* t " 

HERE, WE ASSUME POSITIVE DATA, AND SET OP A FLOATING "+«, 
THEN, IF THE DATA TORUS OUT TO BE NOM-EERO AND NEGATIVE, «1 
STORE »•»• C MESSAG+4) OVER THE FLOATING »♦'•, 



S,0 EXTEND SIMULATOR 

THE FOLLOWING SUBROUTINE SIMULATES THE FUNCTIONS OF THE EXTEND 
INSTRUCTION! XT ASSUMES THE EXISTENCE OF A SET OF INVISIBLE 
AC»S, REFEREO TO it THE NAMES EO, El, AND TI-T3, AND THAT THE 
AC NAMED "AC IS THAT SPECIFIED BY BITS J'-IZ OF THE EXTEND 
INSTRUCTION, EO IS PRESUMED LOADED WITH THE EFfBCTlVE ADDRESS 
OF THE EXTEND INSTRUCTION, 
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;eif DEflNITIONS, 



s«rLAa«»4ooooo 
N,riA(j;«»2ooooo 
M,ri;*AG*?fi 00000 



? SIGNIFICANCE EiAG IN AC l^EfT 
fNON-IERO FLAG IN AC LEFT 
IMINUS FLAG IN AC LEFT 



S,BIT««400000 JSIGNIFICANCE STARTER BIT IN TRANSLATE TABLE 



EXfESDl MOVE! 
LDi 
CAIL 
JRST 
JRST 

Z 
Z 
Z 
% 
% 
Z 
Z 

Z 
Z 
% 
Z 
% 
Z 
% 



Ei , # C EO ) I COMPUTE OFFSET/TRANSLATE BASE 
Tl,tPOII«T f,(EO),83 fGETEXTENDEO OPCODE 
TJ,20 »IN DEFINED RANGE? 

UOO INO* CONVERT TO UUO 

, + 1 ( T U I DI SP ATCH TO HANDLER 



UUO 

CSL 

CSE 

CSLE 

EDIT 

CSGE. 

CSN 

CSG 

DBO 

D»T 

iDO 

BDT 

MSO 

MST 

MSL«7 

MSRil 



?000 
»001 
1002 
?003 
?004 
r005 
1006 
1007 
lOJO 
?01J 
|0S2 
1 01 1 
»014 
?015 
f 016 
y0l7 



UNDEFINED 

COMPARE SfftlMG, SKIP LESS 

» , SKIP EQUAL 

« , SKIP I.ESS OR EOWAL 
EDIT 
COMPARE STRING, SKIP GE 

« , mW NOT EQUAL 

« , SKIP GREATER 
DECIMAL TO B|NAR¥, OrrSET 

» , TRANSLATED 
8INART TO DECIMAL, OFFSET 

« , TRANSLATED 
MOVE STRING, OFFSET 

« , TRANSLATED 

" , LEFT JUSTIFIED 

» , RIGHT JUSTIFIED 



CEDIT SIMULATION FOLLOWS 
OATEl 



— OTHERS WILL BE PROVIDED Af A LATER 



EDIT? LDB 
EDITLPI LDi 

MOVil 

LSM 

JRST 

Z 
Z 
Z 
Z 
% 
Z 
Z 
Z 



EDOPRI 



CAILE 

JRST 

JRST 



T3,PATBN 

Tl,PATTaL(T3) 

T2,CTU 

T2,*6 

§. + UT2) 

EDOPR 

MESSAG 

PNOP 

PNOP 

PNOP 

SKPM 

SKPN 

SKPA 

Ti,4 
PNOP 
#, + lCfU 



IPICK UP PATTERN BXTE NO 
I PICK UP PATTERN BYTE 
IGET A copy 
I LOOK AT HIGH 3 BITS 



rOOO OPERATE 

llOO SELECT MESSAGE CiARACTER 

J 200 RESERVED 

>300 RESERVED 

HOO RESERVED 

fSOO SKIP ON n FLAG 

1 600 SKIP ON N FLAG 

? 700 SKIP ALWAYS 

? VALID OPERATE? 
;H0 

lYES, DO If 
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Z 
Z 
Z 
Z 
Z 



EDSTQP 

E0SEI. 

SIGST 

ri,osEp 

EXCH«0 



fOOO 
JOOI 
?002 
J003 
)604 



PAfBNj POINT 2, ACS 



pattbijj point 

POINT 
POINT 
POINT 



9,0(AC)f8 
9,0(ACni7 
9,0 (AC), 20 
9,0(AC),3S 



J HERE TO TERMINATE THE EDIT 



EDSTOPt 
EDABRfl 



AOS 
PUSHJ 

popa 



0(PJ 

P,INCPiN 

Pf 



STOP 

^SEl^ECf 

FORCE SIGNIFICANCE CS FIiAG) 

F I El,D SEPARATOR CCI.EAR FMGS) 

EXCHANGE MARK AND DEST POINTERS 

IPAT BYTE NO IN AC 

f PATTERN iyiB 
I »¥TE 1 

? BXTE a 



? CAUSE SKIP RETURN 

? UPDATE PiN PAST THE STOP 

IHERE ON AiORf CODE IN TAflliE 



I HERE TO GO ON TO NEXT OPERATION IN PATTERN 



PNOPS 



PUSHJ 
aRST 



P.INCPBN 
EDITI^P 



liERE T© UPDATE PATTERN ADDRESS 



INCPBNl 



ADD I 

MOVE! 

liSH 

ADD! 

AND I 

DPS 

POPJ 



T3»l 
TJ,CT3) 
Ti,*2 
AC,(TI) 

T3#3 
T3,pATiN 

P# 



MNCREMENT IT 

I GET A COPT 

rDIVlDE Sf 4 FOR WORD ADDR 

I UPDATE WORD ADDR IN AC 

IKEEP POS'N IN SiOlD 

rSTUFF IT INTO AC 



JHERE WHEN PATTERN CODE IS SELECT 



SELECT I Il,D6 TlfAC+l 

ROT Tlfl 

SKIPGE Tl 

SKIPA TlrECTU 

MOVS TUECTU 



I GET NEXT SOURCE »¥TE 

rDIVlDE Bl 2, SAVING REMAINDER 

?SICIP IF REMAINDER«0 

rliOW BIT WAS I, USE RIGHT HALF 

I USE LEFT HALFWORD 



I WE NOW HAVE THE TRANSLATE FUNCTION FOR THE CURRENT SOURCE BYTE 

f IN THE RIGHT HALF OF Tl, BITS 18-20 SPECIFY CONTROL 

t FUNCTIONS, 

t AND BITS 2I-3S ARE THE TRANSLATED VALUE OF THE SOURCE BYTE, 



TRNE 
TLO 

XCT 



Tl ,'S'»BIT 
AC, » .FLAG 



IS BIT SET IN TABLE? 
?YES, SET N FLAG 



T2,tP0lNT 2,Tt,203 

CTLTBLCT2} | PERFORM REaUESf ED CONTROL 
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JUMP!. 

TRNK 

JRST 

TLO 

POS«»l 

ST0BSTJ mm 

STUFF S lOPB 
JRST 



ACfSTDEST 

T1,S,BIT 

STFILL 

ACS.FMG 

PjSTFIjOT 

Tl ,077777 

T1#AC4^4 

PNOP 



nr S ThhG AliREADX I, STORE 
lis $ BIT SET IN TABtE? 
tUO, TR¥ TO STORE FII,!, CHAR 
MfES, SET S FhkQ 
?MARK TfJiS, AND TRY Fl,OAT 

J KEEP mht XI, ATE FUSCTIOH ^khm 
;STORE IT IN OESTINATIOS STRING 
fOOME 



?TAii,B OF CONTROL OPERATIONS FOR TRANSLATE FUNCTIONS 



CTIiTBLS JFCL 
JRST 
TLZ 
TLO 



EDABRT 
AC, M, FLAG 
AC, M, FLAG 



fO, DO NOTHING 

n» ABORT THE EDIT 

12, CLEAR M FLAG 

?3, SET M FLAG 



yHERi WHEN PATTERN CODE SAfS EXCHANGE MARK AND DEST POINTERS 



EXGHMDI EXCH 
JRST 



AC+4,0(AC+3) 
PNOP 



fGO TO NEXT 

I HERE mm PATTERN WANTS A MESSAGE CHARACTER OUTPUT 
MESSAGI aUMPGE AC#STFILL 



AN0I 
AODl 
MOVE 
JRST 



TI,77 
Tl,tEO) 
Tl,l(Tl) 
STUFF 



MF NO SIGNIFICANCE, 
i PUT FILL CHAR 

iGEt MESSAGE SELECTOR 
? INDEX INTO PARAMETER LIS! 
JPICK W MESSAGE CHAR 
IPUT IT INTO DEST STRING 



?HERE TO GET ANO STORE FILL CHAR, IF ANY 



STFlLLt SKIPN TI,I(EO) 
JRST PNOP 
JRST STUFF 



f IS THERE A FILL CHAR? 

?N0 

I YES, STORE If 



IHERE IS SUBROUTINE TO STORg FLOAT CHAR 



STFLOTs MOVEM AC44,0<AC+3) 

SKIPE T2,2(E03 

IDP6 T2,AC+4 

CPOPJ: PDPJ P, 



rCOPy DEST TO MARK POINTER 
J IF THERE 'S A FLOAT CHAR, 
I STORE IN DESTINATION STRING 
r RETURN 



I HERE WHEN PATTERN FORCES SIGNIFICANCE 



SIGSTj TLON ACfS.FLAG 
PUSH J P,STFLOT 
JRST PNOP 



I FORCE AND TEST S FLAG 

»IT WAS OFF, STORE FLOAT CHAR 



THERE WHEN PATTERN INDICATES START OF NEW FIELD 
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F1.0SEP! ThZ 
JR5T 

I HERE FOR SKIPS 



AC,S,FWG|N,Fi,AGiM,Fl,AG iCiEAR ALl, FLAGS 
PNOP 



SKPMJ 



SKPNt 



SKPAl 



Thm 

aRST 
JRST 

TI^NN 
aRST 

AUDI 
A0DI 
PUSHa 
JRSf 



ACfM.FMG 

PNOP 

SKPA 

AC, N, FLAG 
PNOP 

Tl,77 
T3,ltfl) 
P,INCPBN 
EDITLP 



JTEST M FiiAG 

I WAS OFF, IGNORE SKjP LENGTH 

yfAKl THE SKIP 

?TEST N FLAG 
;OFF, IGNORE SKIP 



?AOD THE SKIP DISTANCE 

I RESOLVE TO NEXf PATTERN ilfTE 



JHERI FOR COMPARES 



CSLi 



CSE? 



CSLE8 



CSGEI 



CSNI 



CSG; 



PUSH*I 
aUMPL 

popa 

pysHj 
jyMPE 
popa 



P,CMPS 

Ti,cPOPai 

P,C«PS 

Ti,cpopai 
p# 



PUSM P,CMPS 
JUMPLE TlrCPOPJl 
POPa P, 



PUSHJ 

JOMPGE 

POPJ 

PUSHJ 
JUMPN 
POPj 

PUSHJ 
JUMPS 
POPJ 



P,CMPS 
Tl,CPOPJi 

PrCMPS 

Ti,cpopai 

P,CMPS 
TltCPOPJl 

p. 



I SKIP IF LESS 



JSKIP If EaUAL 



I HERE FOR ALL STRING COMPARES 

f COMMON CODE RETURNS COMPARE CONBITION IN Tl 



C»PSI TLNM AC #777000 

TLNE AC*3, 777000 

JRST mm 

auMpE hccms 

JifMPE AC*3#CMP3 



ISRC LENGTH IS AC9-35 
rOEST LEN IS AC+3 9-3S 

?FILL SRC IF SRC LBN ZERO 
IFILL »$T IF OSt LEW mm 
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CMP2J 


IIiDB 


T1,AC+1 


IGET SOURCE BXtZ 




ILDB 


T2#AC+4 


f km DESTINATIOM BYTE 




CAME 


Ti,T2 


lEQmhJ 




jnst 


CMPNE 


?NOr STOP HERE 




SOaiiE 


AC,CMP6 


?IS SRC I.E« EXHAUSTED? 




SQJQ 


AC*3#CMP2 


tnOt HOW ABOUT DEST? 


emit 


MOVE 


T2#2(E03 


?FILL DEST & COMPARE REMAINING 
? SOURCE 


CMP 4? 


IIiDB 


T1,AC+1 


;GET SRC BlfTE 




CAME 


Tl,T2 


f IS IT EO DEST ril,l,ER? 




aRST 


CMP HE 


iNOf STOP 




SOJG 


AC,CMP4 


flTES, ^QOP FOR REST or SRC 




JRST 


CHPEQ 


f STRINGS ESUAl*,,, 


CMPSt 


JUMPE 


AC*3,C«PEQ 


fSRC 4 DEST BOTH 21R0 l,EMGTHI 




JRST 


CMP7 


INO, flhh SRC 


CHP§I 


SOJliE 


AC+3fCMpEQ 


IDEST EXHAUSTED TOO? 


CHP71 


MOVE 


TI,1CE0} 


?GET SRC ritil^ CHAR 


CMP8J 


II.DB 


f2rAC+4 


;GET KEXT DEST §¥TE 




CAHE 


Tl,T2 


rSRC Flhh m DEST SXTE? 




jmt 


CMPKE 


f no 




SOJG 


ACt3rCMP8 


?¥ES, tiOOP FOR REST OF DEST 
JSTRIHG 


CMPEQj 


MOVEI 


firO 


iREfWRN EeUAl.IT¥ 




POPj 


Pf 




CMPNEj 


CAMG 


Ti,f2 


ySRC GREATER THAM DEST? 




TMA 


Ti, 400000 


JNO, RETURN LESS 




MOVE! 


T I f I 


FtES, RETORIf GREATER 




POPJ 


P, 





5 , I TR ANSI. ATE TABI^E FORMAT •« 



ADDR 



iBFT HAliF 



El-»-> TRANSLATE FUNCTION 
Elf l^-> TRANSLATE FUNCTION 2 



E !+«••> TRANSLATE FUNCTION 2#W 



RIGHT HAIjF 

TRANSfcATE FUNCTION 1 
TRANSLATE FUNCTION 3 



IRANSliATE FUNCTION 2#N+1 



TRANSLATE FUNCTIONS ARE HALFWORDS, IN J^HICH THE HIGH-ORDER 3 
BITS CONTROL THE EDITING PROCESS, AND THE LOW-ORDER 15 BITS ARE 
TIE TRANSLATED VALUE OF THE CORRESPOIIDING SOURCE BfTEt 

BIT 0/18 S BIT, SIGNIFIES THAT THIS CHARACTER 

IS NOT TO BE SUPPRESSED, 
BITS l»2/19*-20 IF 0, NO ErPlCT, 
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IF i, ABORT THE EDIT, 
IF 2, Ci^EAR THE M FLAG, 
IF 3, SET THE M FLAG, 



5,2 PARAMETER LIST FORMAT 



EO— > EXTEND OP, §, XR, t |AC FIELD MUST m ZERO 

EO+l-*> FILL CHAR/MESSAGE 
E0+2»*'> FLOAT CHAR/MESSAGE I 
E0 + 3-»'> MESSAGE 2 
E0+4»«> MESSAGE 3 



EOtlOO MESSAGE 77 



6,0 SIMILARITY TO STRING INSTRUCTION 

THE EXTENDED INSTRUCTION SET IS INTENDED TO PROVIDE THE 
FUNCTIONAL CAPABILITIES OF THE PREVIOUSLIf DEFINED »SfRiNG»» 
INSTRUCTION, WHICH IT REPLACES, THE CHANGE «AS MADE TO PROVIDE 
SMOOTH EXPANSION INTO FUTURE INSTRUCTION SET EXTENSIONS, WHILE 
RETAINING THE FLAVOR OF THE PDP-IO ARCHITECTURE, FU»CT10»ALL¥, 
THIS LIST DIFFERS FROM THE CAPABILITIES OF THE STRING 
INSTRUCTION IN THAT MOVE AND COMPARE STRING OPERATIONS HAVE 
SEPARATE LENGTH SPECIFICATIONS FOR THE TWO STRINGS, MOVE 
OPERATIONS ARE CAPABLE OF RlGHT«auSTIF¥ING THE DESTINATION 
STRING, AND COMPARE OPERATIONS HAVE LOST THE CAPABILITY OF 
MODIFYING THE SOURCE BfTEf BEFORE COMPARISON, 



7,0 PROBLEMS 

FILLING IS THE PROCESS OF EXTENDING A STRING «IT8 A CONSTANT 
CHARACTER TO MEET A PRBVIOUSLy SPECIFIED LENGTH, IT OCCURS IN 
SEVERAL OF THE OPERATIONS OF THE EXTlNDED INStROCTlON SET, BUT 
THERE IS NO CONSISTENCY WHATEVER TO THE SPEC OF HOM IT 
OCCURS,,, 

IN STRING MOVE, FILLING ALWAYS OCCURS, IN EDIT, AS CURRENTLy 
SPEC'D, CEO+U IS THE FILL CHAR UNLESS (E0fi3 IS ZERO, IN WHICH 
CASE THERE IS NO FILL CHAR, IJ BINARY TO DECIMAL CONVERSION, 
THE EXI STANCE OF A FILL CHARACTER IS CONTROLLED St THE 
SIGRiriCAIiCE FLAG, CAN'T WE CQ«E UP WITH A CONSISTENT 
MECHANISM? 

tEND OF apiORO.SPCJ 
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fOl KI.10 LIST, J, PARSliOW {200riI»E) 

T|fl,Ei DiyiCE CODE AND OPCODE ASSIGNMENTS - RE¥ 2 

STAttlS? fHIS CiAPfER CONTAIKS khh or fHE OPCOOES WHIC« HAVE 
BEEN APPROVED, EVEN THOUGH SOME Of THEM NEED SPECS, 
BECAUSE SOME OF THE OPCODES REFER TO ANNOUNCED 
CAPABIilTIES, THIS CHAPTER IS COMPANY CONFIDENT! Al*, 

FII.EI IEFSJCM2S12*SPC 

PDM #1 200»200*018»02 

DATES 25 APR 7§ 

SUPERSEDED MEMOS J OPCODE ASSIGNMENTS* a, I.EONARD* 12 MAR 74 

SUPERSEDED SPECS J 

ENGINEERS a, LEONARD 

APPROVED 8 

EDITORl T, HASTINGS 

TYPIST I K, PAPPAS 

REVIEMEDI 

ABSTRACT 

THIS CHAPTER USTS THE DEVICE CODE AND OPCODE ASSIGNMENTS FOR 
hhh PDP-6, KAlO, KIJO, AND Kl. 10 SYSTEMS, IT DOES NOT DESCRIBE 
THE DEVICES OR OPCODES, IT DOES INDICATE THE NUMBER OF A 
CHAPTER IN THE ENGINEERING FUNCTIONAL SPECIFICATION WHERE A 
DESCRIPTION CAM BE FOUND FOR THE NEW OR CHANaED KUO OPCODES 
AND DEVICES, 

REVISION HISTORy 

REV DESCRIPTION CHG NO ORIG DATE APPD S¥ DATE 

1 ADD EXTEND 31 JAN 75 

2 REMOVE SXCT, CHANGE PXCf 3 MAR 7$ 
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I, SUMMARY 

THE PDP-10 OR0ER CODE IS DIVIDED IHfO SEVBRAl, Ci^ASSES OF 
IMSf RUCTIONS, HOWEVER THE fORMAT IS THE SAME, EICEPT rOR THE 
10 CLASS INSTRUCTIONS AND THE EXTEND INSTRUCTION. OPCODES 
000-677 USE THE FIRST 9 BITS OF THE INSTRUCTION TO SPECIFY THE 
OPCODEt IF THE OPCODE IS EXTEND, BITS 0*i §F THE CONTENTS OF 
THE EFFECTIVE ADDRESS SPECIFY ANOTHER OPCODE IN THE EXTENDED 
SET OF OPCODES, IF THE OPCODE IS XCT, BITS 0-8 OF THE CONTENTS 
OF THE EFFECTIVE ADDRESS SPECIFY ANOTHER OPCODE IN THE NORMAL 
SET OF OPCODES, THE I/O INSTRUCTIONS (OPCOJ>ES 700-777) ALL 
HAVE BITS 0*2 w 7, BITS 3-9 SPECIFY THE 7 BIT DEVICE CODE, 
BITS 10-12 SPECIFY ONE OF S GENERAL I/O INSTRtfCTIONS, 

GENERAL INSTRUCTION FORMAT I 



8 9 12 13 14 17 18 35 
OPCODE 19} AC C43 # XR t4) ADDRESS (183 



I/O INSTRUCTION FORMAT I 

2 3 9 10 12 13 14 17 18 35 

7 DEVICE CODE (7) 1/0 FUNCTION (3) f XRC4) ADDRESS C 18) 
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2, OPCODE NCIMERICAi. lilSTING 

111 f HE F0I,I.OWINS fABI,E# ALli OPCODES ARE fclSTED W INCREASING 
NUMERICAI. VAWE IN THE VALWE riEliD, 

f ME DEFINED STMPOI, OR SYMBOLS ARE GIVEH IS THE SYMBOL riELD, 
THESE ARE THE SYMBOLS fO BE USED IN ALL PROGRAMS AKD ARE 
DEFINED IN THE MACRO ASSEMBLER SYMBOL TABLE, 

THE NOTE FIELD INDICATES WHEfHER THE OPCODE IS OEriNEO ON THE 
POP.6, KAIO, KIIO, OR KLIO SYSTEMS USING THE NOTATION §, A, I 
AND L RESPECTIVELY AND IN THAT ORDER. A DASH (•) IN THE 
APPROPRIATE POSITION MEAWS THAT THE OPCODE IS NOT IMPLEMENTED 
ON THAT SYSTEM, A BLANK FIELD IS THl SAME AS &AIL AND MEANS 
THE OPCODE IS IMPLEWENTED ON ALL SYSTEMS IN THE SAME WAX, AN 
ASTERISK (#) AFTER THE NOTE FIELD MEANS THAT THE INSTRUCTION 
DOES NOT WORK EXACTLY THE SAME ON ALL MACHINES, SEE INDICATED 
CHAPTER FOR DIFFERENCE, A QUESTION MARK AFTER TIE NOTE FIELD 
MEANS THAT THE INSTRUCTION MAY BE DELETED FROM FUTWE RELEASES 
OF THE KLIO MICRO^COOE AND MAY HOT BE IMPLEMEWTED ON A 
SUCCESSOR MACHINE, 

THE NAME FIELD IS THE OFFICIAL ENGLISH NAME FOR THE OPCODE AND 

IS THE NAME TO BE USED IN ORDINARf SPEECH AND WRITING, THE 

CORRESPONDING LETTERS FROM THE SYMBOL ARE CAPITALIZED. THE 
NAME FIELD ALSO CONI-AINS NOTES OF DIFFERENCES, 

NOfEi MUUOS (40««773 ARE USED TO CAI»I» fHE TOPSIO OPERATING 
SYSTEM, WHILE aSYS (104) IS USED TO CALL THE YIRQS OPERATING 
SYSTEM, UNUSED OPCODES 100»127 TRAP ON THE KAIO, ONUSED 
OPCODES 247 AND 257 ARE NO»OPERATIONS ON THE KAIO, ALL UNUSED 
OPCODES TRAP ON THE KIIO AND KLIO, 
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VAI^UE 5¥MB0I. NOfE 

000 
0O1-037 

040 CAW, 

041 INIT 
042-046 



CiAPfER NAME 



047 



CAII^I 



o$o 


OPEN 


051 


fTCAlii, 


0§2- 


054 


0S5 


RENAME 


056 


IN 


057 


OUT 


060 


SEfST 


061 


SfATO 


062 


STAfUS 




GBfSTS 


063 


STAfZ 


064 


iNByr 


06S 


OUTBUF 


066 


INPUf 


067 


OUTPUf 


070 


CLOSE 


071 


REI.EAS 


072 


MTAPE 


073 


OGETF 


074 


USEH 


075 


USETO 


076 


LOOKUP 


077 


ENTER 



IhhEQAh 

hmm 

Ckhh OPERATING SYSTEM 
INITIALIZE USER CHANNEL 
RESERVED fOR COSfOMER DEFINEO 
CALLS COUOS) TO THE OPERATING 
SySfEM AND CUSTOMER DEFINED 
OPCODES WITft MODIFIED 
MICRO-CODE (By DIGITAL SPECIAL 
SlSfEMS OR ADVANCED SYSTEMS 
GROUPS) 
CALL OPERATING SYSTEM IMMEDIATE 

OPEN USER CHANNEL 

TTY TERMINAL CALL 

RESERVED FOR DEC OPERATING 

SYSTEMS 

RENAME FILE 

INPUT SUFFER AND SKIP IF ERROR 

OUTPUT iUFFER AND SKIP IF ERROR 

SET USER CHANNEL STATUS 
SKIP ON STATUS ONES 
READ STATUS 
GET STATUS 

SKIP ON RTATUS ZEROES 
SETUP INPUT BUFFER 
SETUP OUTPUT gUFFER 
GET INPUT BUFFER 
RELEASE OUTPUT BUFFER 

CLOSE USER CHANNEL 
RELEASE USER CHANNEL 
MAGTAPE FUNCTION 
GET FREE SLOCK NyMlER 
SET INPUT BLOCK NUMBER 
SET OUTPUT BLOCK NUMBER 
LOOKUP FILE ON USER CHANNEL 
ENTER FILE ON USER CHANNEL 
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100 
101 
102 
103 
104 



112 



113 



UJEN 



asYs 



•A** 



••li 



105 
106 
107 


ADJSP 


■mmwtft. 


110 


DFAO 


m»ll 


111 


DFSB 


•-III. 



DFMP 



DFDV 



••Ui# 



2.S 



2,5. 



'th* 1,3 



1.3 



114 


DADD 


m<mmli : 


2,4 


115 


DSUi 


mm^h 


2,4 


116 


DMUl, 


—I, 


2,4 


117 


DDIV 


.•ipwjy 


2,4 


120 


DM0 VE 


••It. 


1,3 


121 


DMOVN 


••11^ 


1,3 


122 


FIX 


••Ik 




123 


EXTEND 


•i«r.»»J| 




124 


OMOVEM 


••Ifc« 


1.3 


las- 


DMDVKM 


••III* 


1,3 


126 


FIXR 


••Il» 




127 


ri.TR 


— IL 




130 


UFA 


•AIL? 


1.3 


III 


DFN 


•Alt? 


1,3 


132 


FgC- 


.» 


1.3 


133 


I»P 


6AIL# 


1,3 




APasp 


a»a«l«;{j' 


2.5 


134 


ILDB 




1,3 


135 


WB 




1.3 


136 


lOPB 




1.3 


137 


Dpi 




1,3 


140 


FAD 


* 


1.3 


141 


FADi* 


6AII.? 


1,3 



mm JUMP AND IKASLE 
IliLlGAli • RESERVED FOR DEC 
ILI.EGAL • RESERVED FOR DEC 
IliIiEGAI. • RESERVED FOR DEC 
JUMP TO SYSTEM 
SEE VIROS FONCTIONAL 
SPEClFICATlOfI AND JSYS HANUAl. 
FOR SyMiOLS FOR EACH CAl»l4 Al«D 
DESCRIPtlOU OF ARGUMENTS, 
ADJUST STACK POINTER 
IXiLEGAl. • RESERVED FOR DEC 
H1I.BGAI4 • RgSBRVED FOR DEC 

DOUBliE PRECISION Fl*OATING ADD 

AND ROUND 

DOOBI.E PRECISION FI^OATING 

SUBTRACT 

AND ROUND 

DOUME PRECISION FWAfING 

MUI,TIPI.X 

AND ROUND 

DOUBil PRECISION FliOATIMG 

DIVIDE 

AND ROUND 

DOUaiiE PRECISION INTEGER ADD 

DOOBtE PRECISION INTEGER 

SUBfRACf 

D0U81.E PRECISION INTEGER 

MULTlPIjlf 

DOUBI,E PRECISION IMTEGER DIVIDE 

D0UBI<E MOVE 

DOUBI,E MOVE NEGATIVE 

FIX 

EXTENDED OPERATION CODES 

DOUBIiE MOVE TO MEMORY 

DOUBI4E MOVE NEGATIVE TO MEMORf 

Fix AND ROUND 

FliOAT AND ROUND 

UNNQRHAVIIED FliOATlNO ADD 

DOUBLE FLOATING NEGATE 

FLOATING SCALE 

INCREMENT BYTE POINTER 

ADJUST BYTE POINTER 

INCREMENT POINfER AND LOAD BYTE 

INTO AC 

LOAD BYTE INTO AC 

INCREMENT POINTER AND DEPOSIT 

BYfE INTO MEMORY 

DEPOSIT BYTE INTO MEMORY 

FLOATiHa ADD 
FLOATING ADD LONG 
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142 


FADM 


# 


1,3 


143 


FADE 


# 


1.3 


144 


FA0R 






145 


FADRI 


•All, 





146 

147 

150 
151 
152 
153 
154 
15S 



157 



160 
161 
162 
163 
164 
16S 

166 

167 



176 



177 



FADRM 

FADRB 

FSB 

FSBIi 

FSBM 

FSB8 

FSBR 

FStRl 

FS8RM 

rSBRB 



FMP 

FMPii 

FMPM 

FMP8 

FMPR 

FMPRl 

FMPRM 

FMPR8 



170 


F0V 


1?J 


FDVli 


172 


FDVM 


173 


F0V6 


lt4 


FDVR 


175 


FDVRI 



rOVRM 



FDVRi 



# 
6AIfc» 

•AIli 



1.3 
1,3 
1.3 
1.3 



6AIti? 



•Alli 



I , J 



6AIL? 1,3 



'klh 



FtOATING ADO TO MEMORf 

PliOATING ADD TO BOTH 

FtiOATING ADD AND ROUND 

FLOATING ADO AND RO^NO 

IMMEDIATE 

FliOATING ADD AND ROUND TO 

MEMORY 

FliOATING ADO AND ROUND TO BOTH 



FI.OATING 

FI.0AT1NG 

FliOATING 

FLOATING 

FLOATING 

FLOATING 

IMMEDIATE 

FLOATING 

TO MEMORY 

FLOATING 

TO BOTH 

FLOATING 

FLOATING 

FLOATING 

FLOATING 

FLOATING 

FLOATING 

IMMEDIATE 

FLOATING 

TO MEMORY 

FLOATING 

TO BOTH 



SUBTRACT 
SUBTRACT 
SUBTRACT 
SUBTRACT 
SUBTRACT 
SUBTRACT 

SUBTRACT 

SUBTRACT 

MULTIPLY 
MULTIPLY 
MULTIPLY 
MULTIPLY 
MULTIPLY 
MULTIPLY 

MULTIPLY 
MULTIPLY 



LONG 

TO MEMORY 
TO BOTH 

and round 
And round 

and round 

and round 



LONG 

to MEMORY 
TO BOTH 
AND ROUND 
AND ROUND 

AND ROUND 

AND ROUND 



FLOATING DIVIDE 
FLOATING DIVIDE LONG 
FLOATING DIVIDE TO MEMORY 
FLOATING DIVIDE TO BOTH 
FLOATING DIVIDE AND ROUND 
FLOATING DIVIDE AND ROUND 
IMMEDIATE 

FLOAING DIVIDE AND ROUND 
TO MEMORY 

FLOATING DIVIDE AMD ROUND 
TO BOTH 
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200 


MOVE 




201 


MOVE I 




202 


MOVEM 




203 


MOVES 




204 


MOVS 




205 


MOVSI 




206 


MOVSM 




20t 


MOVSS 




210 


MOVN 




211 


MOVNI 




212 


MOVNH 




213 


MOVNS 




214 


MOVM 




215 


MOVMI 




216 


MOVHM 




217 


MOVMS 




220 


inuh 




221 


imhi 




222 


tnuhvi 




223 


imhB 




224 


mh 




225 


MUl,! 




226 


mm 




227 


mm 




230 


lOIV 




231 


lOIVI 




232 


IDiVM 




233 


IDIVB 




234 


OIV 




235 


OIVI 




23€ 


DIVM 




217 


DIVB 




240 


ASH 




211 


ROT 




242 


hsn 




243 


gfFFO 


•AIL 


244 


ASHC 




245 


ROTC 




246 


I.SHC 




247 




§A»» 
••Il( 



MOVE 

MOVEIMMEDIAfE TO AC 

MOVE TO MEMORY 

HOVE TO SELF 

MOVE SWAPPED 

MOVE SWAPPED IMMEDIATE TO AC 

MOVE SWAPPED TO MEMORf 

MOVE SWAPPED TO SBLr 

MOVE NiGlTIVE 

MOVE NEGATIVE IMMEDIATE TO AC 

MOVE NEGATIVE TO MEMORY 

MOVE NEGATIVE TO SELF 

MOVE MAGNITUDE 

MOVE MAGNITUDE IMMiDlAfE TO AC 

MOVE MAGNITDDE 10 MEMORY 

MOVE MAGNITDDE TO SELF 

INTEGER MULTIPLY 

INTEGER MULTIPLY IMMSDIATE 

INTEGER MULTIPLY TO MEMORY 

INTEGER MUI^TIPLY TO BOTH 

MULTIPLY 

MULTIPLY IMMEDIATE 

MULTIPLY TO MEMORY 

MU^LTIPLY TO SOTH 

INTEGER DIVIDE 

INTEGER DIVIDE IMMEDIATE 

INTEGER DIVIDE TO MEMORY 

INTEGER DIVIDE TO BOTE 

DIVIDE 

DIVIDE IMMEDIATE 

DIVIDE TO MEMORY 

DIVIDE TO BOTH 

ARITHMETIC SHIFT 

ROTATE 

LOGICAL SHIFT 

JUMP IF FIN£J FIRST ONE 

ARITHMETIC SHIFT COMBINED 

ROTATE COMBINED 

LOGICAL SHIFT COMBINED 

NO OPERATION - RESERVED TO DEC 

ILLEGAL mSTR TRAP • RESERVED 

TO DEC 
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250 


EXCH 


251 


Bi,f 


2S2 


AOBaP 



2S3 



AOiJN 



254 aRST 
254040 PORfAl, 

as4ioo jRstr 



1.3 



•-11^^ 



54200 


HAW 






S4240 


RPCF 


■»•<«» jj# 


2,2 


54300 


RPCFD 


•••l»» 


2,2 



254340 EPCF — 1,# 2,2 



2,2 



254500 


OEN 




254600 


8FM 


•.•i^# 


255 


JFCS 




255040 


arov 




255100 


ac«yi 




255200 


JCPfO 




255300 


acBy 




2S5400 


aov 




256 


XCT 






xer 


.•i»i-.»# 




PXCf 


«»:«.«. |^# 


257 


NO-OP 


ftA** 




MAP 


••I... 




MAP 


•»•!,« 


260 


PUSHa 




26t 


PUSH 




262 


POP 




263 


popa 




264 


asR 




265 
266 
267 


JSP 

asA 
mk 





2,3 



EXCHANGE AC AND MEMORX 

BtOCK TftARSFER 

ADD ONE TO BOTH HAluVES OF AC 

AND JUMP IF POSITIVE 

tKI DIFFERENT FROM KAJ 

ADD ONE TO BOTH HAWES OF AC 

AND JUMP IF NEGATIVE 

tKI DIFFERENT FROM KAJ 

JUMP RESTORE 

PORT At* tJRST I,) 

JUMP AND RESTORE Fi:»AaS 

CJRST 2,) 

HAl,T CJRST 4,) 

RESTORE PC AND rWGg (JRST 5,) 

RESTORE PC AND fhkQ$ THEN 

DISMISS 

(EXEC-ONLY) (JRST 6,) 

EXCHANGE PC AND FLAGS 

CEX£C*ONL¥) 

(JRSf 7,3 

JUMP AND ENABLE PI CHANNEL 

(JRST 12,) 

SAVE FLAGS IN MlMORif CJRST 14, J 

JUMP ON FLAG AND CLEAR IT 

JUMP ON FLOATING OVERFLOW 

(JFCL 1#) 

CON PDP*6 THIS WAS PC CHANGE 

FLAGJ 

JUMP ON CARRY I (JFCI» 2,) 

JUMP ON CARET C JFCL 4,) 

JUMP CARRY (JFCL 6,) 

JUMP ON OVERFLOW (JFCL 10,3 

EXECUTE (USER M00E3 

EXECUTIVE EXECUTE (EXEC MODE) 

KL - PREVIOUS»CONTEXT XCT 

(EXEC*MODE) 

KO*0PERATION 

MAP AN ADDRESS (USER MODE) 

MAf AN ADDRESS CeXEC MODE ONLY) 

PUSH PC DOWN AND JUMP 
PUSH DOWN 
POP UP 

POP PC UP AND JUMP 
JUMP TO SUBROUTINE 
JUMP AND SAVE PC 
JUMP AND SAVE AC 
JUMP AND RESTORE AC 
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270 
271 
272 
273 
274 
275 
276 
277 


ADD 

ADtJl 

A00M 

ADDi 

SUi 

SUB! 

SUBM 

SUBB 


300 
301 


CAI 
CAIl. 


302 


CAIE 


303 


CAII.E 


304 


CAIA 


305 


CAIGE 


306 


CAW 


307 


CAIG 


310 
111 


CAM 
CAML 


312 


CAME 


313 


CAHl^E 


314 


CAM A 


31S 


CAMOE 


316 


CAMN 


317 


CAMG 



ADD 

ADO IMMEDIAfE 

ADD TO MEMORy 

ADD TO BOTH 

SUBTRACT 

SUBTRACT IMMEDIATE 

SUBTRACT TO MEMORf 

SUBTRACT TO BOTH 

COMPARE AC IMMEDIATE Cfia*OP) 

COMPARE AC IMMEDIATE AND SKIP 

ir AC LESS 

COMPARE AC IMMEDIATE AND SKIP 

IF AC EQUAl, 

COMPARE AC IMMEDIATE AND SKIP 

IF AC LESS OR EttUAL 

COMPARE AC IMMEDIATE AND SKIP 

ALWAYS 

COMPARE AC IMMEDIATE AND SKIP 

IF AC GREATER OR EQUAL 

COMPARE AC IMMEDIATE AND SKIP 

IF AC NOT EaUAL 

COMPARE AC IMMEDIATE AND SKIP 

IF AC GREATER 

COMPARE AC WITH MlMORf (NO-OP) 

COMPARE AC »IfH MEMORSr AND SKIP 

IF AC LESS 

COMPARE AC »ITH MEMORf AND SKIP 

IF AC EQUAL 

COMPARE AC WITH MEMORY AND SKIP 

IF AC LESS OR EftUAL 

COMPARE AC WITH MEMORY AND SKIP 

ALWAYS 

COMPARE AC WITH MEMORY AND SKIP 

IF AC GREATER OR EQUAL 

COMPARE AC »IfH MEMORY AND SKIP 

IF AC MOT EGUAL 

COMPARE AC WITH MEMORY AND SKIP 

IF AC GREATER 
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120 


JUMP 


321 


JUMPL 


122 


JUMPE 


323 


aUMPl,! 


324 


JUMPA 


325 


JUMpSE 


326 


JIIMPU 


327 


aUMPG 


330 


SKIP 


311 


SKIPli 


332 


SKIPE 


333 


SKIPliE 


334 


SKIPA 


335 


SKIP6E 


336 


SKI Pit 


337 


SKIPG 


340 


Aoa 


341 


Aoai. 


342 


AOJE 


343 


AOaiiE 


344 


AOJA 


345 


AOaCE 



346 

347 



Aoaw 



AOJG 



JUMP IF AC NEVER (NO-OP) 
JUMP IF AC LESS 

JUMP IF AC mmh 

aU«P IF AC LESS OR EOWAX. 
aUMP ALWAlfS 

JmP IF AC GREATER OR EaUAL 
JUMP IF AC «0t EQUAL 
mm IF AC GREAtER 

SKIP NEVER (NO*OP) 

SKIP IF MEMORX LESS 

SKIP IF MEMORY EQUAL 

SKIP IF MEMORY LESS OR EQWAL 

SKIP ALWAYS 

SKIP IF MEMORY GREAfER OR 

EOUAL 

SKIP IF MEMORY NOT EOUAJ, 

SKIP IF MEMORY GREATER 



AD0 ONE TO 


AC AND 


JUMP 


IF NEVER 


ADD ONE TO 


AC AND 


auMp 


IF liESS 


AOD ONE TO 


AC AND 


JO^P 


IF EQUAL 


ADD ONE TO 


AC AND 


JUMP 


IF-LESS 


OR EQUAL 








ADO OJIE TO 


AC AND 


aUMP 


ALWAYS 


ADD ONE TO 


AC AND 


JUMP 


IF 


GREATER OR 


EQUAL 






ADO ONE TO 


AC AND 


JUMP 


IF NOT 


EQUAL 








ADD ONE TO 


AC AND 


JUMP 


IP 


GREATER 
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li350 


AOS 


351 


AOSL 


352 


AOSE 


3S3- 


AOSfcE 


354 


AOSA 


355. 


AOSGE 


366 


AOSN 


357 


AOSG 


360 


soa 


361 


soah 


362 


SOJE 


363 


soai,! 


^* 


SOJA 


365 


soaae 


366 


SQ>3n 


367 


SOJG 


370 


SOS 


371 


SOBh 


372 


SOSE 


373 


SOSLE 


374 


SOSA 


375 


SOSGE 


376 


SOSN 


377 


SOSG^ 



ADD ONE fP MEMOBY 

NEVER 

ADO ONE fO MEMORY 

LESS.^ 

ADD ONE TO MEMORY 

EQUAL 

ADD ONE fO »E«OR¥ 

LESS OR BttUAli 

ADD ONE TO MEMORY 

ALWAYS 

ADO ONE fO MEMORY 

GREATER OR EQUAL 

ADD ONE TO MEMORY 

NOT EQUAL 

ADD ONE TO MEMORY 

GREATER 



AND SKIP 
AND SKIP IF 
AND SKIP ir 
AND SKIP IF 
AND SKIP 
AND SKIP IF 
AND SKIP ir 
AND SKIP ir 



SUBTRACT ONE FROM AC AND JUMP 

NEVER 

SUBTRACT ONE FROM AC AND JUMP 

IF LESS 

SUBTRACT ONE FROM AC AND JUMP 

IF EQUAL 

SUBTRACT ONE FROM AC AND JUMP 

IF LESS OR EQUAL 

SUBTRACT ONE FROM AC AND JUMP 

ALWAYS 

SUBTRACT ONE FROM AC AND jump 

IF GREATER OR EQUAL 

SUBTRACT ONE FROM AC AND JUMP 

IF NOT EQUAL 

SUBTRACT ONE FROM AC AND JUMP 

IF GREATER 

SUBTRACT ONE FROM MEMORY AND 

SKIP NEVER 

SUBTRACT ONE FROM MeMORY AND 

SKIP IF LESS 

SUBTRACT ONE FROM MEMORY AND 

SKIP IF EQUAL 

SUBTRACT ONE FROM MEMORY AND 

SKIP IF LESS OR EQUAL 

SUBTRACT ONE FROM MEMORY AND 

SKIP ALWAYS 

SUBTRACT ONE FROM MEMORY AND 

SKIP IF GREATER OR EQUAL 

SUBTRACT ONE FROM MEMORY AND 

SKIP IF NOT EQUAL 

SUBTRACT ONE FROM MEMORY AND 

SKIP IF GREATER 
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400 


SETZ 

CiEAR 6*» 


401 


SETZI 
CI.EARJ 6— 


402 


SEfZM 
Ci*EARM 6 — 


403 


SEfZB 
ClilARft 6»« 


404 
405 
406 
407 


AND 
ANDI 
ANDM 
ANDB 


410 
411 


AMOCA 
ANOCAI 


412 


ANDCAM 


413 


ANDCAl 


414 
4iS 

416 
417 


SETM 

SETMl 

MO?XA :•••] 

SETMM 

SETMi 


420 


ANDCM 


421 


ANDCMI 


422 


AWDCMM 


423 


AMDCWB 


424 
425 
426 
427 


SETA 
SETA! 
SETAM 
SETAB 



2,2 



SET ZEROS f AC 

CttEAR TO AC (NAME BEING PHASED 

OUT) 

SET TO ZEROS TO AC IMMEDIATE 

CliEAR TO AC IMMEDIATE (NAME 

BEING PHASED OUT) 

SET TO ZEROS TO MEMORI 

CIiEAR TO MEMORY (NAME BEING 

PHASED OUT) 

SET TO ZEROS TO BOTH 

Ci,EAR TO BOTH (NAME BEING 

PHASED OUT) 

AND TO AC 

AND TO AC IMMEDIATE 

AND TO MEMORY 

AND TO BOTH 

AND WITH COMPLEMENT OF AC 

AND IITH COMPiiEMBNT OF AC TO AC' 

IMMEDIATE 

AND WITH COMPLEMENT Of AC TO 

MEMORY 

AND WITH COMPliEMENT OF AC TO 

BOTH 

SET MEMORY TO AC 

SET MEMORY TO AC IMMEDIATE 

MOVE EXTENDED ADDRESS 

SET MEMORY TO MEMORY 

SET MEMORY TO BOTH 

AND WITH COMPliEMENT OF MEMORY 

TO AC 

AND WITH COMPLEMENT OF MEMORY 

IMMEDIATE TO AC 

AND WITH COMPLEMENT OF MEMORY 

TO MEMORY 

AND WITH COMPLEMENT Of MEMORY 

TO BOTH 

SET AC 

SET AC TO AC IMMEDIATE 

SET AC TO MEMORY 

SET AC TO BOTH 
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410 


XOB 


411 


XORI 


432 


XORM 


413 


XORB 


434 


im 




OR 


435 


lORI 




OR! 


416, 


lORM 




ORM 


437 


I0R8 




ORB 


440 


ANDCB 


441 


ANDCil 


442 


ANDCfiM 


443 


AUDC&B 


444 


EOV 


445 


EQVI 


446 


EQVM 


447 


EQVB 


450 


SETCA 


451 


SETCAI 


452 


SBTCAM 


453 


SETCAB 


454 


ORCA 


451 


ORCAI 


456 


ORCAM 


457 


ORCAB 



EXCLUSIVE 


OR 


TO 


AC 


BXCiWSlVE 


OR 


TO 


AC IMMEDIATE 


EXCJiUSIVE 


OR 


TO 


mnoMx 


EXCI^USIVE 


OR 


TO 


BOTH 


INCtiUSlVE 


OR 


TO 


AC 


iHChmiyB 


OR 


TO 


AC 


IMCfcUSIVE 


OR 


TO 


AC IMMEDIATE 


INCLUSIVE 


OR 


TO 


AC IMMEDIATE 


IMCLUSIVE 


OR. 


TO 


MEMORY 


INCLUSIVE 


OR 


TO 


MEMORY 


INCLUSIVE 


OR 


TO 


BOTH 


INCLUSIVE 


OR 


TO 


»OTH 



AND COMPLEMENTS OF BOTH TO AC 

AND COMPLEMENTS OF 0OfH TO AC 

IMMEDIATE 

AND COMPXiEMENTS OF BOTH TO 

MlMORy 

AND COMPLEMENTS OF BOTH TO BOTH 

EQUIVALENCE TO AC 

EQUIVALENCE TO AC IMMEDIATE 

E»UI VALENCE TO MEMORY 

EQUIVALENCE TO BOTH 

SET COMPLEMENT OF AC TO AC 

SET COMPLEMENT OF AC TO AC 

IMMEDIATE 

SET COMPLEMENT OF AC TO 

MEMORif 

SET COMPLEMENT OF AC TO BOTH 

INCLUSIVE OR Wtt COMPLEMENT OF 

AG TO AC 

INCLUSIVE OR. WITH COMPLEMENT OF 

AC TO AC IMMEDIATE 

INCLUSIVE OR WITH COMPLEMENT OF 

AC To MEMORf 

INCLUSIVE OR WITH COMPLEMENT OF 

AC TO BOTH 
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460 


SEfCM 


46i 


SEfCMI 


462 


SEfCM« 


463 


SETCMB 


464 


ORCM 


46S 


QKCMI 


466 


ORCMM 


467 


ORCMB 


470 


ORCS 


471 


ORCBI 


472 


ORCBM 


473 


ORCiB 


474 
475 
476 
477 


SEtO 
SEfOI 
SETOM 
SETOS 



SET COMPIiEMENT Qf 

AC 

SET COMPLEMENT OF 

AC IMMEDIATE 

SET COMPLEMENT OF 

MEMORY 

SET COMPLEMENT OF 

BOTH 

INCWSIVE OR WITH 

MEMORY TO AC* 

INCLUSIVE OR »ITH 

MEMORY TO AC IMMED 

INCLUSIVE OR WITH 

MEMORY TO MiMiR^ 

INCLUSIVE OR WITH 

MEMORY TO iOfH 



MEMORY TO 

MEMORY TO 

MEMORY TO 

MEMORY TO 

COMPLEMENT OF 

COMPLEMENT OF 
lATE 
COMPLEMENT OF 

COMPLEMENT OF 



INCLUSIVE OR COMPLEMENTS OF 

BOTH TO AC 

INCLUSIVE OR COMPLEMENTS OF 

BOTH TO AC IMMEDIATE 

INCLUSIVE OR COMPLEMENTS OF 

BOTH TO MEMORY 

INCLUSIVE OR COMPLEMENTS OF 

BOTH TO BOTH 

SET ONES TO AC 

SET ONES TO AC IMMEDIATE 

SET ONES TO MEMORY 

SET ONES TO BOTH 
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500 


HLL 


501 


Bhhl 


502 


HhhH 


503 


uhm- 


S04 


nm 


505 


mu 


506 


mhH 


507 


HBLS 


SIO 


HI,I,2 


511 


UhhZl 


512 


Bhhzn 


513 


nhhzs 


514 


HRLZ 


515 


HRliZI 


116 


nmzM 


517 


nmu 


520 


HliLO 


521 


HIil,OI 


522 


Hl,l*OM 


523 


«I*I.OS 


524 


HRI,0 


525 


HR1,0I 


526 


HRliOM 


527 


HRLOS 



HAtr WORD liEFT TO LEFf 

fO AC 

HALF WORD LEFT fO LEFT 

IMMEDIATE fO AC 

HALF WORD LEFT TO LEFT 

TO MEMORY 

HALF WORD LEFT 10 LEFT 

TO SELF 

HALF WORD RIGHT TO LEFT 

TO Ac 

HALF WORD RIGHT fO LEFT 

IMMEDIATE TO AC 

HALF WORD RIGHT TO LEFT 

TO MEMORY 

HALF WORD RIGHT TO LEFT 

TO SELF 

HALF WORD LEFT TO LEFT ZEROS 

TO AC 

HALF WORD LEFT TO LEFT ZEROS 

IMMEDIATE TO AC 

HALF WORD LEFT TO LEFT ZEROS TO 

MEMORY 

HALF WORD LEFT TO LEFT ZEROS TO 

SELF 

HALF WORD RIGHT TO LEFT ZEROS 

TO AC 

HALF WORD RIGHT TO LIFT ZEROS 

IMMEDIATE TO AC 

HALF WORD RIGHT TO LEFT ZEROS 

TO MEMOR¥ 

HALF WORD RIGHT TO LEFT ZEROS 

TO SELF 

HALF WORD LEFT T© LEFT OWES TO 
AC' 

HALF WORD LEFT TO LEFT ONES 
IMMEDIATE TO AC 

HALF WORD LEFT TO LEFT ONES TO 
MEMORY 

HALF WORD LEFT TO LEFT ONES TO 
■SELF. 

HALF WORD RIGHT TO LEFT ONES TO 
AC 

HALF WORD RIGHT TO LEFT ONES 
IMMEDIATE TO AC 

HALF WORD RIGHT TO LEFT ONES TO 
MEMORY 

HALF WORD RIGHT TO LEFT ONES TO 
■^SELF' 
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530 


Hl,l*E 


S31 


mhEl 


532 


Hl,l,EM 


533 


Hi^LES 


534 


HRLE 


S35 


HRliEl 


536 


HRI,EM 


537 


«Rl*ES 


§40 
S41 


HRR 

HRRI 


542 


HRRM 


543 


HRRS 


544 
S4S 


HWI 


s*^ ■ 


HliRM 


§47 


mm 



HAM WORD I.EFT 
SIGN TO AG 
HAI.F WORD LEFT 
SIGN IMMEDIATE 
HALF WORD LEFT 
SIGN TO MEMORY 
mhW WORD LEFT 
SIGN TO SELF 
HALF WORD RIGMT 
SIGN TO AC 
HALF WORD RIGHT 
SIGN IMMEDIATE 
HALF MORD RIGHT 
SIGN TO MEMORY 
HALF WORD RIGHT 
SIGN TO SELf 



TO LEFT 

TO LEFT 
to AC 
TO LEFT 

TO LEFT 

TO LEFT 

TO LEFT 
TO AG 

TO LEFT 

TO LEFT 



EXTEND 
EXTEND 
EXTEND 
EXTEND 
EXTEND 
EXTEND 
EXTEND, 
EXTEND 



HALF WORD 
HALF WORD 
IMMEDIATE 
HALF WORD 
MEMORY 
HALF WORD 
SELF 

HALF WORD 
HALF WORD 
IMMEDIATE 
HALF WORD 
TO MEMORY 
HALF WORD 
TO SELF 



RIGHT TO RIGHT TO AC 

RIGHT TO RIGHT 

TO AC 

RIGHT TO RIGHT TO 

RIGHT TO RIGHT TO 

LEFT TO RIGHT TO AC 

LEFT TO RIGHT 

TO AC 

LEFT TO RIGHT 

LEFT TO RIGHT 
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SfO 


HRRZ 


SSI 


HRRZl 


5i2 


MRRZM 


S53 


HRRSS 


5S4 


HtRZ 


SS§' 


mmi 


5S6 


HI^RgM 


557 


Ht.RES 


560 


HRRO 


S&l 


HRROI 


562 


HRROM 


563 


HRROS 


564 


HI^RO 


565- 


HLROX 


566 


HI^ROM 


567 


HtiROS 


570 


HRRE 


§71 


HRREI 


572 


HRRBM 


573 


HRRES 


574 


HI.RE 


575 


HI,REI 


576 


HLREM 


577 


Hl«RiS 



HAI^r WORD RIGHT TO RIGHT ZEROS 

f AC 

HALF WORD RIGHT TO RIGHT XEROS 

IMMEDIATE TO AC 

HAliF WORD RIGHT TO RIGHT ZEROS 

TO HEMORY 

HAi^F WORD RIGHT TO RIGHT IBmS 

TO SEtF 

HAl,r WORD LEFT fO RIGHT ZEROS 

TO AC 

HAIjF word liBFT TO RIGHT ZEROS 

IMMEDIATE TO AC 

HAI.F WORD liEFT TO RIGHT EBROS 

TO MEMORY 

HAI.r WORD liIfT TO RIGHT ZEROS 

TO SEI.F 

HAI,r WORD RIGHT TO RIGHT ONES 

TO AC 

HAliF WORD RIGHT TO RIGHT ONES 

IMMEDIATE TO AC 

HAI.F WORD RIGHT TO RIGHT ONES 

TO MEMORY 

HAI,F WORD RIGHT TO RIGHT ONES 

TO SEl«F 

HAtr WORD IiEFT TO RIGHT ONES 

TO AC 

HAIiF WORD liEFT TO RIGHT ONES 

IMMEDIATE TO AC 

HAIiF WORD IiEFT TO RIGHT ONES 

TO MEMORIf 

HALF WORD I»EFT TO RIGHT ONES 

TO SEfcF 

HAtF WORD RIGHT TO RIGHT EXTEND 

SIGN TO AC 

HAW WORD RIGHT TO RIGHT EXTEND 

SIGN IMMEDIATE TO AC 

HAIiF WORD RIGHT TO RIGHT EXTEND 

SIGN TO MEMORf 

HAIiF WORD RIGHT TO RIGHT EXTEND 

SIGK TO SEI^F 

HAi*r WORD mrf w right extend 

SIGN TO AC 

HALF WORD LEFT TO RIGHT EXTEND 

SIGN IMMEDIATE TO AC 

HALF WORD LEFT TO RIGHT EXfEKD 

SIGN TO MEMOR¥ 

HALF WORD LEFT TO RIGHT EXTEND 

SIGM TO SELF 
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600 


fEN 


601 


fhn 


602 


fRNE 



603 



607 



6U 

614 
6tS 
616 

617 



fl#NE 



604 


fRNA 


605 


TWA 


606 


TRMM 



Thm 



610 


tm 


611 


fSN 


612 


mm 



TSHE 

TONA 
f$Hh 



TEST AC RIGHT WITH E NO 
MODIFICATION AND SKIP NEVER 
TEST AC I*EFT WITH E NO 
MODIFICATION AND SKIP SEVER 
TEST AC RIGHT WITH E NO 
MOO I riC AT I ON AND SKIP IF Al.li 
MASKED BITS EQUAl. 
TEST LEFT WITH E NO 
MODIFICATION AND SKIP IF AI»I» 
MASKED ilfS EftUAl, 
TEST AC RIGHT WITH E NO 
MODIFICATION AMD SKjP ALWAYS 
TEST AC LEFT WITH E NO 
MODIFICATION AND SKJP ALWAYS 
TEST AC RIGHT WITH E NO 
MODIFICATION AND SKIP If NOT 
ALL MASKED BITS EQUAL 
TEST AC LEFT WITH E NO 
MODIFICATION AND SKIP IF NOT 
ALL MASKED BITS EQUAI* 

TEST AC WITH DIRECT MASK TO 
MODIFICATION AND SKIP NEVER 
TEST AC WITH SWAPPED MASK NO 
MODIFICATION AMD SKIP NEVER 
TEST AC WITH DIRECT MASK NO 
MODIFICATION AND SKIP IF ALL 
MASKED ilTS EOWAL 
TEST AC WITH SWAPPED MASK NO 
MODIFICATION AND SKIP IF? ALL 
MASKED SITS EQUAL 
TEST AC WITH DIRECT MASK NO 
MODiFICATION AND SKIP ALWAYS 
TEST AC WITH SWAPPED MASK NO 
MODIFICATION AND SKIP ALWAYS 
TEST AC WITH DIRECT MASK NO 
MODIFICATION AND SKIP IF NOT 
ALL MASKED ilTS EQUAL 
TEST AC WITH SWAPPED MASK NO 
MODIFICATION AND SKIP If NOT 
ALL MASKED BITS EQUAL 
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620 


mt 


621 


TLZ 


622 


TRZE 


623 


fhZ% 


624 


fRZA 


62S 


fl^ZA 


626 


fRZN 


§27 


thzn 


630 


TPZ 


631 


f$% 


632 


fDZE 


633 


fSZE. 


634 


TDEA 


635. 


fSZA 


636 


TOES 


637 


fSZN 



fESf AC RIGEf WIfH E SET 

MASKED 6It5 TO ZEROS AND SKIP 

NEVER 

f EST AC iEff WITH E SET 

MASKED SITS TO ZEROS AND SKIP 

NEVER 

TEST AC RIG«T WITH E SET 

MASKED SITS TO ZEROS AND SKIP 

ir AliI, WASKED BITS EQUAL 

TEST AC LEFT WITH E SET 

MASKED BITS TO ZEROS AND SKIP 

IF ALL MASKED BITS EQUAL 

TEST AC RIGHT WITH E SET 

MASKED $ ITS TO ZEROS AND SKIP 

ALWAYS 

TEST AC LEFT WITH E SET 

MASKED BITS TO ZEROS AND SKIP 

ALWAYS 

TEST AC RIGHT WITH E SET 

MASKED ilTS TO ZEROS AND SKIP 

IF NOT ALL MASKED ilTS EQ0AL 

TEST AC LEFT WITH E SET 

MASKED BITS TO ZEROS AND SKIP 

IF NOT ALL MASKED SITS EOTAL 

TEST AC WITH DIRECT MASK SET 

MASKED BITS TO ZEROS AND SKIP 

NEVER.: 

TEST AC WITH SWAPPED MASK SET 

MASKED BITS TO ZEROS AND SKIP 

NEVER 

TEST AC WITH DIRECT MASK SET 

MASKED BITS TO ZEROS AND SKIP 

IF ALL MASKED BITS EOOAL 

TEST AC WITH SWAPPED MASK SET 

MASKED BITS TO ZEROS AND SKIP 

IF ALL MASKED BITS EQIIAL 

TEST AC WITH DIRECT MASK SET 

MASKED BITS TO ZEROS AND SKIP 

ALWAYS 

TEST AC WITH SWAPPED MASK SET 

MASKED BITS TO ZEROS AND SKIP 

ALWIkYS 

TEST AC WITH DIRECT MASK SET 

MASKED BITS TO ZEROS AND SKIP 

IF NOT ALL MASKED BITS EQUAL Q 

TEST AC WITH SWAPPED MASK SET 

MASKED BITS TO ZEROS AND SKIP 

IF NOT ALL MASKED BITS EQUAL 
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640 


fRC 


641 


TLC 


642 


TRCE 



643 



ri.cE 



644 


fRCA 


645 


tI.CA 


646 


TRCN 



647 



TliCN 



6f0 


IDC 


651 


TSC 


6S2' 


TOCE 


653 „ 


fSCE 


614 


TOCA 


655 


fSCft 


656 


fOC« 


657 


TSCIi 



TESf AC RIGHT WITH E COMPI,ERENT 
MASKED BITS AND SKIP SEVER 
TEST AC LEFT WITH E COMPI^EMENf 
MASKED BITS AND SKIP NEVER 
TEST AC RIGHT WITH E COMPLEMENT 
MASKED BITS AND SKIP IF ALL 
MASKED BITS EQUAL 
TEST AC LEFT WITH E COMPLEMENT 
MASKED BITS AND SKIP IF ALL 
MASKED BITS EQUAL 
TEST AC RIGHT WITH E COMPLEMENT 
MASKED BITS AND SKIP ALWAYS 
TEST AC LEFT WITH E COMPLEMENT 
MASKED BITS AND SKIP ALWAYS 
TEST AC RIGHT WITH E COMPLEMENT 
MASKED BITS AND SKIP IF NOT ALL 
MASKED BITS EQUAL 
TESf AC LEFT WITH E COMPLEMENT 
MASKED BITS AND SKIP IF NOT ALL 
MASKED BITS EOUAL 

TEST AC WITH DIRECT MASK 

COMPLEMENT MASKED BifS AND SKIP 

NEVER 

TEST AC WITH SWAPPED MASK 

COMPLEMENT MASKED BITS AND SKIP 

NEVER 

TEST AC WITH DIRECT MASK 
COMPi,EME»T MASKED BITS AND SKIP 
IF ALL MASKED BITS EQWAL 
TEST AC WITH SWAPPED MASK 
COMPLEMENT MASKED SITS AND SKIP 
IF ALL MASKED BITS lailAL 
TEST AC WITH DIRECT MASK 
COMPLEMENT MASKED BITS AND SKIP 
ALWAYS 

TEST AC WITH SWAPPED MASK 
COMPLEMENT MASKED BITS AND SKIP 
ALWAfS 

TEST AC WITH DIRECT MASK 
COMPLEMENT MASKED BITS AND SKIP 
IF NOT ALL MASKED gjTS EQUAL 
TEST AC WITH SWAPPED MASK 
COMPLIMENT MASKED BITS AND SKIP 
IF NOT ALI# MASKED BITS EQUAL 
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660 


fRO 


661 


fLO 


662 


IROE 



663 



thm 



664 


TROA 


^65 


thOh 


666 


IRON 



667 



fwn 



670 


TDO 


^71 


TSO 


672 


fDOE 


673 


TSOE 


§74 


fOOA 


675 


fSOA 


676 


f0O« 


67? 


fSOS 



TESf AC RIGHT WITH E SET MASKED 
BITS fO ONES AMD SKIP NEVER 
TEST AC IiEfT WITH E SET MASKED 
BITS TO ONES AND SKIP NEVER 
TEST AC RIGHT vflTH E SET MASKED 
BITS TO ONES AND SKIP IF kUh 
MASKED BITS EflUAI, 
TEST AC liEFT WITH E SET MASKED 
BITS TO ONES AND SKIP If hhh 
MASKED BITS EQUAl, 
TEST AC RIGHT «1T« E SET MASKED 
BITS TO ONES AND SKIP Al,WAfS 
TEST AC LEFT »IT8 E SET MASKED 
BITS TO ONES AND SKIP AIRWAYS 
TEST AC RIGHT WITH E SET MASKED 
BITS TO ONES AND SKIP IF NOT 
AI^L MASKED BITS EOUAl< 
TEST LEFT WITH £ SET MASKED 
BITS TO ONES AND SKIP IF NOT 
hhh MASKED BITS BaUAL 

TEST AC WITH DIRECT MASK SET 

MASKED BITS TO ONES AND SKIP 

SEVER 

TEST AC WITH SWAPPED MASK SET 

MASKED BITS TO ONES AND SKIP 

NEVER 

TEST AC WITH DIRECT MASK SET 

MASKED BITS TO ONES AND SKIP 

IF AIiI, MASKED BITS gaOAl, 

TEST AC WITH SWAPPED MASK SET 

MASKED BITS TO ONES AND SKIP 

If hhh MASKED BITS Ea0AL 

TEST AC WITH DIRECT MASK SET 

MASKED BITS TO ONES AND SKIP 

ALWAYS 

TEST AC WITH SWAPPED MASK SET 

MASKED BITS TO ONES AND SKIP 

ALWAYS 

TEST AC WITH DIRECT MASK SET 

MASKED BITS TO ONES AND SKIP IF 

NOT ALL MASKED BITS EOOAL 

TEST AC WITH SWAPPED MASK SET 

MASKED BITS TO ONES AND SKIP IF 

NOT ALL MASKED BITS EOOAL 
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700000 
700000 
700040 
700040 
700100 
700100 
700140 
700200 
700240 
070030 


eiiKI 
APR ID 
DAfAI 
RSW 

Bhm 
mwih 

DATAO* 

cms 

COHX 
CONSZ 


700340 


COMSO 


700400 


RPERA 


700500 


saoiAG 


70J440 


SWPIA 


70tiOO 


SWPVA 


701540 


swpyA 


701640 


SWPIO 


701700 


SWPVO 


701740 


SWPUO 


702000 


ROPAC 


702100 


WRPAE 



6AI' 



BJ.OCK IN 

READ APR ID 

DATA IN 

READ SWITCHES (DATA! APR, J 

BliOCK OUf 

MRIfE CACHE REFIliL RAM 

DATA OUI 

CONDlflONS OUT 

CONDIflONS IN 

CONDIflONS IN AND SKIP If AliL 

MASKED BITS ZERO 

CONDITIONS IN AND SKIP IF SOME 

MASKED BIT ONE 

READ ERROR ADDRESS REGISTER 

SBU5 DIAGNOSTIC FONCTIONS 

SWEEP • INVALIDAfB hhh CACHE, 

NO CORE UPDATE 

SWEfiP • VALIDATE hhh CORE, 

trEAVE CACHE VAiaO 

SWEEP • UN WAD hhh CACHE, 

INVAfclOATIWa CACHE 

SWEEP • INVALIDATE ONE PAGE, 

NO CORE UPDATE 

SWEEP • VALIDATE ONE PAGE, 

LEAVE CACHE VALID 

SWEEP •UNLOAD ONE pAGI, 

INVALIDATING CACHE 

READ PERFORMANCE ANALYSIS 

COUNTER 

WRITE PERFORMANCE ANALYSIS 

ENABLES 
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3, AtPHASETICAliHSTlMG OF OPCODES 



StmOh VAl,UE KOTE 



ADD 


270 


ADDS 


273 


ADDI 


271 


ADD« 


272 


ADJeP 


133 •••!*. 


Aoasp 


105 mm^mh 


AND 


404 


ANDl 


407 


AN0CA 


4i0 


ANDCAB 


4t3 


AWDCAI 


411 


ANDCAM 


412 


ANDCB 


440 


ANDCIB 


443 


ANDCB I 


441 


ANDCS« 


442 


AMDCM 


420 


AMOCMB 


423 


ANDCMI 


421 


ANDCMM 


422 


ANDI 


405 


ANDM 


406 


AOBaM 


2S3 


Aosap 


2S2 


AOJ 


340 


AOaA 


344 


AOJE 


342 


Aoao 


347 


AOaGE 


345 


Aoai. 


341 


AOaLE 


343 


AOaN 


346 


AOS 


350 


AOSA 


354 


A08E 


3 52 


Aose 


■357 


Aoaai 


355' 


AOSI, 


3S1 


AOStE 


353 


AOSN 


356 


APRID 


700000 


ASH 


240 


AHSC 


244 


BhKl 


700000 


Bhm 


700100 


BUT 


251 



SAME OPCODE AS liP 



CAI 



300 
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CAIA 


304 




CAIE 


302 




CAIG 


30? 




CAIGE 


305 




CAIi 


301 




CAItE 


303 




CAIN 


306 




Ciltl. 


040 


vm 


CALLI 


047 


ouo 


CAM 


310 




CAMA 


314 




CAME 


312 




CAMS 


317 




CAMGE 


31S 




CAMl, 


311 




CAMi,E 


313 




CAMN 


316 




CtOSE 


070 


mo 


CHfSE 


002 


EXTEND 


CMPSG 


007 


ilTEND 


CMPSGE 


005 


EXTEND 


CMPSI, 


OOl 


EXTEND 


CMPSIE 


003 


EXTEND 


CMPN 


006 


EXTEND 


COM 


700240 




COSO 


700200 




CONSO 


700340 




CONSZ 


700300 




CVfBDO 


012 


EXTEND 


CVfBDf 


013 


EXTEND 


CVTDSO 


010 


EXTEND 


CVTDBf 


OH 


EXTEND 


©ATAJ 


700040 




DAXAO 


700140 




DfAD 


110 


••I.L 


prov 


113 


•*Ifc ' 


DFMP 


112 


■••I.t 


DFN 


131 




orsi 


111 


**IL 


DIV 


234 




DiVB 


237 




0IVI 


235 




OIVM 


236 




DM0 VE 


120 


••III. 


DMOVEM 


124 


■••Il» 


OMOVN 


121 


• •II* 


OMOVNM 


125 


••H^: 


0PB 


137 -, 




EiLf 


020 


EXTEND 


EDIT 


004 


EXTEND 


ENTER 


077 


BUO 


Epcr 


254340 
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EQV 


444 


EQVB 


447 


iQVI 


445 


EQVH 


446 


mm 


2S0 


EXTEND 


123 »*«i 


FAD 


140 


FADB 


143 


FA04, 


141 


fADM 


142 


FADR 


144 


FADRB 


147 


FADRI 


145 


FADRM 


146 


F0V 


170 


FDVi 


173 


FDVl, 


171 


FDVM 


172 


FDYR 


174 


FDVBB 


177 


FDVRI 


17S 


FDVRM 


176 


FIX 


122 m*m 


FIXR 


126 —11, 


FfcfR 


127 -.II, 


FMP 


160 


FMPB 


163 


FMPl, 


161 


FMPM 


162 


FMPR 


164 


FMPR8 


167 


FHPRl 


165 


FMPRM 


166 


FSB 


150 


FSBB. 


153 


FSBL 


ISI 


FSBM 


152 


FSBR 


154 


FSBRB 


157 


FSBftI 


155^ 


FSBRM 


1S6 


FSC 


132 


GEfSfS 


062 Olio 


MAfcf 


25420 


Hi,!, 


500 


Hi*l.E 


530 


MliLiI 


531 


ftliiEM 


532 


Hl^liES 


533 


HUl 


501 


Hl,I.« 


502 
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HliliO 


520 


ahhoi 


S21 


HkliOM 


S22 


Hl,LOS 


S23 


Bhm 


503 


iihhZ 


SIO 


mhzi 


Sll 


Mhh%H 


512 


mh%s 


513 


am 


544 


»iim 


574 


nmm 


575 


Bmm 


576 


mm^ 


577 


mm 


545 


uhm 


546 


mm 


564 


mmi 


565 


HI.ROM 


566 


HIiROS 


567 


Mhm 


547 


MtRZ 


554 


MI,RZ1 


555 


HliRZM 


556 


HI*RES 


5S7 


HRl, 


504 


HRl^E 


534 


HRtEI 


535 


HRIiEM 


:5.|6 


HRLES 


537 


HRLl 


505 


HRliM 


506 


URiiO 


524 


HRWI 


525 


HRLOM 


526 


HRtiOS 


527 


HRl,S 


507 


HRIiH 


S14 


HRfiSl 


515 


HRfcZM 


516 


HRl.2$ 


517 


HRR 


540 


HRRE 


570 


HRREI 


571 


HRREM 


572 


HRRES 


573 


HRR I 


541 


HRRM 


542 


HRRO 


560 


HRROI 


561 


HRROM 


562 


HRROS 


^563 


hrrs 


543 


HRRZ 


550 
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Hmzi 


S:S1 


HRRZM 


5S2 


HRRZS 


553 


IBP 


133 


I0IV 


230 


lOlVl 


233 


IV ID I 


231 


XDtfM 


232 


lOPB 


136 


II*OS 


134 


IMUI, 


220 


mum 


223 


imtti 


221 


IMUIiM 


■222 


IN 


OS 6 mo 


IMBUF 


0i4 UUO 


iNlf 


041 UUO 


INPUT 


06S UUO 


lOR 


434 


lORl 


437 


lORI 


435 


lORH 


436 


aCR¥ 


25S300 


acRfo 


255200 


acRxi 


2S5100 


JEN 


2S4600 


arci, 


2SS 


OWWQ 


243 


aFov 


255040 


JOV 


255400 


JRA 


267 


JRSf 


254 


aRSfF 


254100 


jsa 


266 


JSP 


265 


J^R 


264 


JS¥S 


104 •••! 


JUMP 


320 


JUMPA 


324 


JUMPE 


322 


JUMPO 


327 


JttMPGE 


^325 


jm»h 


321 


JUMPiE 


^323 


JUMPN 


326 


l»Di 


135^ 


IiOOKUP 


076 UUO 


hm 


242 


hmc 


246 



MAP 



257 



•II, 
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MOVE 

MOVEI 

MOVEM 

MOVES 

MOVM 

MOVMI 

MOVMM 

MO VMS 

MOVN 

MOVNI 

MQVNM 

MOVNS 

MOVS 

MOVSI 

MOVSW 

MOVSM 

MOVSO 

MOVSB 

MOVSS 

MOVST 

MOVXA 

MTAPE 

mh 

mm 

mhi 

MUhU 



200 
201 
202 
203 
214 
215 
216 
217 
210 
211 
212 
213 
204 
205 

oie 

206 
014 
017 
207 
015 
415 
072 
224 
227 
22S 
226 



EXTEND 

EXTEND 
EXTEND 

EXTEND 

mo 



OPEN 

OR 

ORB 

ORCA 

O^CAB 

ORCAI 

ORCAM 

ORCB 

ORCiB 

OftCSI 

ORCSM 

ORCM 

ORCa 

ORC«I 

ORCMM 

ORl 

ORM 

OUT 

OUTBUF 

OUTPUT 



050 
434 
437 
454 
457 
455 
456 
470 
473 
471 
472 
464 
470 
465 
466 
435 
436 
057 
065 
067 



UUO 



POP 262 

POPiJ 263 

PORTA!. 254040 

PXCT 256 

PUSH 261 

PUSHa 260 



UWO 
UUO 
UOO 



SA«E OPCODE AS XCf AND EXCT 
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RDERA 


700400 


RDPAC 


702000 


BELEAS 


071 UUO 


BENAME 


055 UUO 


ROT 


241 


POTC 


245 


Rpcr 


254240 


RPCFD 


254300 


RSW^ 


700040 


SiDiAG 


70050Q 


SETA . 


424 


5ETAB 


427 


SETAI 


42S 


SETAM 


426 


SETCft 


450 


SEfCAB 


453 


SETCAI 


451 


SETCAM 


452 


SETCM 


460 


SETCMS 


463 


SETCMt 


461 


SETCM« 


462 


SETM 


414 


SETM0 


417 


SETMI 


415 


SETMM 


416 


SETO 


474 


SETOB: 


477 


SETOI 


475 


SEfOM 


476 


SETSTS 


060 UUO 


smz 


400 


SEfZB 


403 


SETO 


401 


SETZM 


402 


SFM 


254600 


SKIP 


330 


SKIPA 


334 


5KIPE 


332 


SKIPS 


337 


SKIPGE 


335 


SKIPL 


331 


SKIPLE 


333 


SKIPN 


336 


soa 


360 


soaA 


364 


SOJE 


362 


soja 


367 


SOJOi 


365 


50JL 


361 


SOJLE 


363 


soaw 


366 


SOS 


370 
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SOSA 


374 


SOSE 


372 


SOSG 


377 


SOSGE 


375 


SOSL 


371 


SOSLE 


373 


BQSH 


376 


STATO 


061 UUO 


STATUS 


062 UUO 


STATZ 


063 UUO 


SUB 


274 


SUBS 


277 


SUB! 


275 


SUBM 


276 


SWPIA 


701440 


SWPIO 


701640 


SWPUA 


701540 


SiPUO 


701740 


SWPVA 


701500 


S«PVO 


701700 


TDC 


650 


T0CA 


654 


TDCE 


652 


TDCN 


656 


TON 


6i0 


TDNA 


614 


TONE 


612 


TDMN 


616 


TOO 


670 


TDOA 


674 


TDOE 


672 


TDON 


676 


TOZ 


630 


TDZA 


634 


TOZE 


632 


TDZN 


636 


Tic 


641 


TLCA 


645 


TLCE 


643 


fLCN 


647 


TtN 


601 


TIiNA 


605 


TLNE 


603 


than 


607 


fho 


661 


TliOA 


665 


TLOE 


663 


TliON 


667 


TliZ 


621 


TLZA 


625 


TLZE 


623 


TLZN 


627 


TRC 


640 
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TRCA 


644 


fRCE 


642 


fPCN 


646 


TRN 


600 


TRNA 


604 


TRNE 


602 


fRM» 


606 


TRO 


660 


fROA 


664 


fROE 


662 


moji 


666 


fiz 


620 


TRZA 


624 


fRZE 


622 


fRZN 


626 


t$c 


651 


fSCA 


655 


TSCE 


6S3 


fSCS 


6S7 


fSM 


611 


TSNA 


615 


fSME 


613 


f3MN 


617 


fSO 


671 


fSOA 


675 


f§OE 


673 


fSON 


677 


■ISZ ■ 


631 


TSEA 


635 


f$2E 


633 


fSZN 


637 


ftCAl*I< 


051 UUO 


UFA 


130 


UGEfF 


073 WO 


OaEli 


100 •A. 


USETI 


074 UUO 


USETO 


075 UUO 


WRFli 


700100 


WRPAE 


702100 


XCf 


.256 


XOR 


430 


XORB 


433 


XORI 


431 


XORM 


432 



1080,2040,2060 ENGINEERIN(5 FUNCTIONAL SPEC • CHAP 2.12 PAGE 32 
"COMPANY CONFIDENflAt" DEVICE CODE AND OPCODE ASSIGNMENTS - REV 2 



4, I/O DEVICE CODE ASSIGNMENTS 

EACH I/O INSTRUCTION SPECiriES A SEVEN SIT DEVICE COKE IN BITS 
|«9, rOR EASE or READING IN AN OCT Al, WORD, THESEyEMBIT 
0EVICE CODE IS GIVEN AS A 3 DIGIT OCTAli NWHiER AS IT APPEARS IN 
A 36 ilT WORD, THUS THE LOW ORDER OCTAIi DIGIT IS EITHER OR 
4, SINCE IT REPRESENTS 0N|.5f ONE BIT, THE CPU COLUMN SPECIFIES 
WHICH CPUS THE DEVICE IS GOOD FOR, SO FAR THERE ARE 4 CPUSJ 
PDP*6, KAIQ, KIJO, AND KLIO, THEIR SYMBOLS ARE 6, A# I, AND t, 
RESPECTlVELIf, A DASH MEANS NOT AVAILABLE ON TiAf CPU, THE 
CHAP COLUMN SPECIFIES THE CHAPTER IN THE KLIO FUNCTIONAL 
S^ECiriCAflOS WHERE THE DEVICE CODE IS EXPLAINED FOR THE KLIO, 
If A DEVICE IS DIFFERENT FOR DIFFERENT CPUS, IT IS LISTED ON 
SEPARATE LINES, PDP»6 AND PDP-lO OPTION DESIGNATIONS ARE GIVEN 
IN BRACKETS, FOLLOWING "ei" OR •'lOl", SOME DEVICES REQUIRE TWO 
OR THREE DEVICE CODES WHENEVER THE! ARE PRESENT, SUCH DEVICES 
ARE INDICATED Sy SEPARATING THE DEVICE CODES B¥ COMMAS ON THE 
SAME LINE, INSTEAD OF LISTING TlgM ON SEPARATE LINES, fN 
PRINCIPAL KA AND KI DEVICES (EXCEPT BUILT«IN KA OE KI DEVICES) 
CAN BE PUT ON THE KLiO USING THE I/O BUS ADAPTER, DIA20. 
THEREFORE THE OPTION DESIGNATIONS FOR THE 1080, 2040, AND 2060 
WHICH GO ON THE I/O BUS RETAIN THEIR DiCS¥STEH 10 OPTION 
DESIGNATION, E.G. LPIO, DEVICE OPTIONS WHICH ARE PRESENT ONLy 
ON THE KLIO (1080, 2040, 20603 HAVE A DECS¥STEM 20 OPTION 
DESIGNATION, f,G, DTB20 OR RH20, 



VALUE SfMBOL CPU 



000 



004 



010 



0)4 



020 



024 



APR 
CPA 
APR 
APR 
APR 

PI 
PI 
PI 
PI 

DRUM 

PAG 

PAG 

CCI 

CCA 



6 
6 



A 






& 



"AI» 
h 



CHAP NAME 

ARITHMETIC PROCESSOR 
CENTRAL PROCESSOR 
ARITHMETIC PROCESSOR 
ARITHMETIC PROCESSOR 
2 #6 ARITHMETIC PROCESSOR 

PRlORlTlf INTERRUPT 

PRIORITI INTERRUPT 

PRIORITY INTERRUPT 

2,6 PRIORITI INTERRUPT 

DRUM PROCESSOR 

PAGING CONTROL 

2,6 PAGING CONTROL 

COMFUTER^COMPUTER INTERFACE 
CPDP-8, -93C10J 0A101 
CACHE SWEEP 



CCI2 "^AI* 

TIM ■■•Will;, 2,7 

ADC -Al 

MTR — .L 2,7 



COMPUTER»COMPUTER INTERFACE 
(PDP»8, •93UOI DIIOJ 
TIMER CLOCKS (BUILT-IN) 

ANALOG-DIGITAL CONVERTER 
ACCOUNTING MEIERS (BUILT-IN) 
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030 ADC2 •AI- 

034 

040 

044 

0§O 

054 

060,064 Dl,6,Dl.C ^hlh 

070 ChK mhii, 



074 



too 



CI.K2 



PIP 



"AIli 



Bkl* 



yo 


CDP 


•AIL 


114 


C0R 


6«>i«><« 


120 


fTY 


6AI» 


124 


LPT 


6AIL 


130 


DIS 
DIS 


6AIL 
•AIL 


134 


0IS2 
DIS2 


6AIL 
•AIL 


140 


PLf 


•AIL 


144 


Pf.f2 


-AIL 


ISO 


CR 


•AIL 


154 


CR2 


•AIL 



160 6 

160,164 0Li2,DLC2 -AIL 

170 mK -AIL 

174 DSK2 'AIL 



ANALOa-DIGIIAL CONVERTER 

UNUSED • RESERVED TO DEC 

UNU3ED • RESERVED To DEC 

WflUSED • RESERVED TO DEC 

UNUSED - RESERVED TO DEC 

UNU3ED - RESERVED TO DEC 

PDP-11 DATA LINK tlOt DLIOJ 

REAL TIME CLOCK ilQt DKIOJ 
KOTE? ON KL, TIM 
SUPERSEDES OKI 

REAL TIME CLOCK tlOj OKIOJ 
NOTEl ON KL# TIM 
SUPERSEDES OKIO 

PAPER TAPE PUNCH C6|760,10? 
iUILT-INJ 

CARD PUNC« UOrCPlOJ 

CARD READER [6l 461] 

CONSOLE TELETfPE E6| 626, lOj 
8UILT-1N3 

LINE PRINTER E6t 646» lOl LPIOJ 

DISPLAY Cei 340, lOl 340J 
DISPLAY tlOl tPIOj 

OISPLAX £61 340, 1 Or 3403 
DlSPLAf tlOlfPlOJ 

PLOTTER tlO* XflOj 

PLOTTER CtOl Xf 103 

CARD READER ClOl CRIOJ 

CARD READER tlOl CRlOJ 

PDP-7, 8 INTERFACE TO POP^i 
PDP-11 DATA LINK tlOl DLi03 

SMALL DISK tlOj RClO, RMlOl 

SMALL DISK £101 RCIOJ 
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2Q0 


PC 
DTEO 


h 


204 


DC 2 
DTEl 


h 


210,214 

210 

214 


UTCUfS 

DfE2 

DTE3 


h 
h 


220,224 

r230 
220 
224 
2*0 


MfCMlC 

,MTM 
P0C 
PDC2 
I.FT3 


• Alt* 
-AIl^ 
•All* 


240 


DLS 


-AIIi 


244 


OtS2 


•All. 


250 


DPC 


•All* 


254 


DPC2 


•All* 


2iO 


DPC3 


•AH* 


264 


0PC4 


•All. 


270 


or 

RHC 


ftmm 

•AI» 



274 



RMG2 



•AI»' 



300,304 DCSA,0G6B 6— 

110 

314 

320,324 0TC,DTS •All. 

330,334 DTC2,DfS2 -AIL 

340,344 TMCTMS -All* 

3§0,3S4 fMC2,TMS2 -All, 

360 

164 



DATA CONTROl* 

lO/ll INTERFACE UOj DTS20J 

DATA CONTROlr 

10/11 INTERFACE ClOi DTE201 

DECTAPE £61 3513 

lO/U INfERFACE ttOt 0TE20r 

10/11 INTERFACE no? DTeaoj 

MAGNETIC TAPE 

PROGRAMMABl*E DATA CHANNEt* 
PROGRAMMASI*E DATA CHANNEli 
LINE PRINTER 

DATA LINE SCANNER CtOj DCIOJ 

DATA LINE SCANNER CIO J DCIOJ 

DISK PACK SfSfiM tlOl RP103 

DISK PACK SfSTEM {loi RPIOJ 

DISK PACK SYSTEM llOJ RPtOI 

DISK PACK SISTEM tlOS RPIOJ 

DISK FILE til 270 J 

ROTATING WESORX 0ONTROLLER (10 J 

RHIO) 

ROTATING MEMORY CONTROLLER (10; 
RHIO) 

DATA COMMUNICATION C6l 6301 

UNOSED • RESERVED TO DEC 

UNUSED - RESERVED TO DEC 

DECT APE (lot TD 10 J 

DECT APE no J TO 1 03 

MAGNETIC TAPE CIO; TMIO] 

MAGNETIC TAPE £10? TMIOJ 

UNUSED • RESERVED TO DEC 

UNUSED •RESERVED TO DEC 



1080,2040,2060 ENGIHEERING rUNCflONAL SPEC * CHAP 2,12 PAGE 35 
"COMPAN^f CONFlDENTlAti" OEVICE CODE AN0 OPCODE ASSIGNMENTS • REV 2 



370 
374 
400 

404 

4iQ 

4t4 

420 

424 

*?^ 
434 

440 
444 
4§0 
4S4 
460,464 D8S,0SI mhXh 

470,474 DSS2,0SI2 »hlh 

500 

§04 

fiO 

514 



mVSMP • RESERVED TO DEC 

UHUSEO • RESiRVEO TO DEC 

RESERVED FOR CUSTOMER SPECIAli 
DEVICES 

RESERVED FOR CUSTOMER SPBCIAI. 
DEVICES 

RESERVED FOR CUSTOMER SPECIAl. 
DEVICES 

RESERVED FOR CUSTOMER SPECIAL 
DEVICES 

RESERVED TQR CUSTOMER SPECIAL 
DEVICES 

RESERVED FOR CUSTOMER SPECtAI. 
DEVICES 

RESERVED FOR CUSTOMER SPlCIAIi 
DEVICES 

RESERVED FOR CUSTOMER SPECIAL 
DEVICES 

UNUSED • RESERVED TO DEC 

USUSED • RESERVED TO DEC 

UNUSED • RESERVED TO »BC 

UNUSED • RESERVED TQ DEC 

SINGLE SyNCiRONOUS LINE UNlf 
tlOi DS103 

SINGLE SYNCHRONOUS LIME UNIT 
tlOl DSIO] 

RESERVED FOR CUSTOMER SPECIAL 
DEVICES 

RESERVED FOR CUSTOMER SPECIAL 
DEVICES 

RESERVED FOR CUSTOMER SPECIAL 
DEVICES." 

RESERVED FOR CUSTOMER SPECIAL 
DEVICES 
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§20 








§24 








530 








114 








S40 


MBCO 


»»»j^ 


4,1 


S44 


MBCI 


•••L, 


4.1 


iSO 


MBC2 


■.»»»•[, 


4.1 


S§4 


M0C3 


»«»*fc. 


4,1 


SfO 


MiC4 


mmm'lf 


4,1 


S&4 


MBCS 


• •npj^ 


4,1 


S70 


MBC6 


mmmli' 


4,1 


574 


MBC7 


llliwfi 


4,1 


600 








604 








610 








614 








620 








^^4 








630 








634 








640 









RESERVED FOR CUSTOMER SPECIAL 
DEVICES 

RESERVED FOR CUSTOMER SPECIAL 
DEVICES 

RESERVED FOR CUSTQMER SPECIAL 
DEVICES 

RESERVED FOR CUSTOMER SPECIAL 
DEVICES 

MASSBUS CONTROLLER ClOl RH20J 

MA55B0S CONTROLLER tlOS RH203 

MASSBUS CONTROLLER tlOl RH20] 

MASSBUS COiTROLLER tJOl RM20] 

MASSBUS CONTROLLER ClOS RH20J 

MASSBUS CONTROLLER ClOJ RH201 

MASSBUS CONTROLLER £10: RH20J 

MASSBUS CONTROLLER ElOl RH201 

RESERVED FOR CUSTOMER SPECIAL 
DEVICES 

RESERVED FOR CUSTOMER SPECIAL 
DEVICES 

RESERVED FOR CUSTOMER SPECIAL 
DEVICES 

RESERVED FOR CUSTOMER SPECIAL 
DEVICES 

RESiRVEO FOR CUSTOMER SPECIAL 
DEVICES 

RESERVED FOR CUSTOMER SPECIAL 
DEVICES 

RESERVED FOR CUSTOMER SPECIAL 
DEVICES 

RESERVED FOR CUSTOMER SPECIAL 
DEVICES 

UNUSED • RESERVED FOR DEC 
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^4* UNUSED • RESERVED FOR DEC 

^§0 UNUSED - RESERVED roR DEC 

654 UNUSED •RESERVED FOR DEC 

^60 UNUSED • RESERVED FOR DEC 

^^4 UNUSED • RESERVED FOR DEC 

^70 UNUSED • RESERVED FOR DEC 

^?4 UNUSED • RESERVED FOR DEC 

70© RESERVED FOR CUSTOMER SPECIAIi 

DEVICES 

7^4 RESERVED FOR CUSfOMfiR SPECIAL 

DEVICES 

7i0 RESERVED FOR CUSTOMER SPECIAl, 

DEVICES 

714 RESERVED FOR CUSfOHER SPECIAli 

DEVICES 

720 RESERVED FOR COSfOMER SPECIAL 

DEVICES 

724 RESERVED FOR CUSfDMER SPECIAL 

DEVICES 

7|0 RESERVED FOR CUSfOMER SPECIAL 

DEVICES 

734 RESERVED FOR CUSTOMER SPECIAL 

DEVICES 

740 Kl/KL UNRESTRICTED* COOES 

RESERVED FOR CUSTOMERS 

744 Kl/Ki;, UNRESTRICTED COOES 

RESERVED FOR CUSTOMERS 

750 KI/KL UNRESTRICTED CODES 

RESERVED FOR CUSTOMERS 

754 KI/KL UNRESTRICTED CODES 

RESERVED FOR CUSTOMERS 

7^0 Kl/Kh UNRESTRICTED* CODE 

RESERVED FOR DEC 

7f4 KI/KL UNRESTRICTEO* CODE 
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RESERVED FOR DEC 



770 



774 



KI/KL UNRESTRICIEO* CODE 
RESERVED FOR DEC 

Kt/m UNRESTRICfEOt CODE 
RESERVED FOR DEC 



♦UNRESTRICTED MEANS I/O INSTRUCTIONS CAN BE DONE IN USER MODE 
(WITHOUT BEING IN USER lOf MODEJ 



5, EXTEND OPCODES 

THE EXTEND INSTRUCTION DETERMINES A SECONDARY OPCODE FROM 
CCE), THE FOI*bOWlS6 IS THE tlST OF SECOMDARf OPCODES I 



THE: 



000 
GO! 
002 
003 
005 

ooe 

007 
004 



CMPSk 

CMPSE 

CMPSLE 

CMP5GE 

CMPSN 

CMPSG 

EDIT 



ILtEGAI. • ILLEGAli INSTRUCT ION TRAP 

COMPARE STRINGS, SKIP IF LESS 

COMPARE STRINGS, SKIP IP EQUAI. 

COMPARE STRINGS, SKIP IF tESS OR EQUAl, 

COMPARE STRINGS, SKIP IF GREATER OR ESUAL 

COMPARE STRINGS, SKIP If NOT EOUAl, 

COMPARE STRINGS, SKIP IF GREATER 



PORCESS STRING 
PATTERN 



ACCORDING TO MINI-PROGRAM 



010 CVTDtO CONVERT DEClMAIi TO BINARY BY OFFSET 

Oil CVT08T CONVERf DECIMAL TO BINARY BY TRANStATION 

0t2 CVTBDO CONVERT BINARY TO OECIMAI. B» OFFSET 

013 CVTBDT CONVERT BINARY TO DECIMAI. BY TRANSI^ATION 

OH MOVSO MOVE STRING WITH BYTE OFFSET 

015 MOVST MOVE STRING WITH BYTE fRANSl.ATIQN 

016 MOVSta MOVE STRING UNMODIFIED WITH I^EFT aUgTlFICATION 

017 MOVSRJ MOVE STRING UNMODIFIED WITH RIGHT JUSTIFICAf ION 

20 EBtT EXTiND-Bl.T 

2l»777 IlilfEGAIi - IliliEGAti INSTRUCTION TRAPS 



[END OF Ctt2Sl2,SPCl 
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TOr KlilO tiST, a, PftRSliOW 1200 FILE) 

Tlfhti MICR0»CODE SPEClAi. fUNCflONS (PROfO & PRODUCTION) REV I 

SfATUSS fHlS CHAPTER IS A LIST OF THE SPECIAL fUNCflOWS AS 
I«PIiEMENfED ON fHE PROTOfYPE AWD PRODyCTION MACHINE, tHJE LIST 
is MAINLY INTENDED FOR CHECKOWT PBRPOSES, AND THE INFORMATION 
IS PRiSENTED IN SUCH A WA¥ AS TO AID MAINLf IN DIAGNOSIS, 

FILE! tEFSJCH2Sl§.SPC 

P0M #1 2OO*2O0-01l»Ol 

DATE I 24 APR 7f 

SUPERSEDED MEMOS? NONE 

ENGINEER! R, REID 

APPROVED! 

EOlfORl f, HASTINGS 

f¥PlST} M, PROUT¥ 

REVIEWED t 

ASSfRACT 

EACH MICRO»CODE INSTRUCTION IN fHE EBOX IS 75 BITS WIDE, 
CERfAiN FDNCTIONS DO NOT OCCWR FRgQtfENfLX ENOUGH TO JOSTIFY 
OCCOPflNG DISTINCT SIfS OR FIELDS, CONSEQUENTLY THESE 
FUNCTIONS THEMSELVES ARE H1CR0*C0DED IN fHREg SEPARATE FIELDS, 
CALLED SPECIAL FUNCTION FIELDS, THIS SPEC C2Pi5RO,SPC3 IS FOR 
TiE PROfOfYPE AND PRODUCTION MACHINES, Sli 2B15R0*SPC FOR 
BREADiOARD, 



REVISION HISTORY 








REV DESCRIPTION 


CHG NO 


ORie 


DATE APPD BY DATE 


ORIGINAL 

1 PROOF READ 






20 JAN 75 
I APR 75 
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0, CONTENTS 

1, INTRODUCTION 

2, MEM/FUNCTIONS 

3, DISP/FUIICTIONS 

4, SPEC/FUMCf IONS 

5, SKIP/rUNCTIONS 

6, CON0/FUNCTIONS 

1, INTROUCflON 

EACH MICRO-CODE WORD IS IB SITS WIDE, CERTAIN FUNCTIONS 00 NOT 
OCCOR FREQUENTLlf ENOUGH TO JUSTIFY OCCUPYING DISTINCT BITS OR 
FIELDS, CONSEQUENTLY THESE FUNCTIONS THEMSELVES ARE 
WtCRO-CODED in THREE SEPARATE FIELDS, CALLED SPECIAL FUNCTION 
FIELDS, EVER¥ MICRO'-CODE WORD CONTAINS THESE THREE FIELDS, 
EACH MICRO-INSTRUCTION MAY SELECT ONE OF THE FUNCTIONS IN EACH 
or THE THREE FIELDS, THE 3 FIELDS ARE! 

1, MSOX (MEM) FUNCTIONS (4 BITS) 

2, DISPATCH CDISP) AND MISCELLANEOUS (SPEC) (5 BITS) 

3, SKIP CSKIP) AND CONDITIONAL (COND) FUNCTIONS (& BITS) 

SECAUSE OF THE MICRO-CODED NATURE OF THESE 3 FIELDS, THE SECOND 
FIELD CAN CONTAIN EITHER A DISP OR A SPEC FUNCTION, BUT NOT 
BOTH, SIMILARLY fHE THIRD FIELD CAN CONTAIN glTHlR A SKIP OR A 
COND FUNCTION, BUT NOT BOTH. 
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PAGE 3 



2, MEM/FUNCTIONS 

2,1 GENERAi;, 

A NON-ZERO MEM FIEt,B IS BEQtfXREP IN fHE MICRO»CODE WHENEVER 
EITHER AN EBDX REQ IS TO 8E SENT TO THE M&OX, OR THE MICRO-CODE 
IS REOUIREO TO WAIT FOR AN MfiQX RESPOMSE, BOTH OF THESE 
REQUIREMENTS ARE DECODEO FROM THE CRAM MEM BITS CSEE TABLE 
BEliOW), 



2,2 MEM FUNCTIONS DECODED 



MEM/FUNCTION 

00 • 

01 ARIi IIJO 

02 MB WAIT 

03 SECTION ZERO 

04 AREAO 
0$ i WRITE 
0& FETCH 

Gt REG FUNC 



WAIT 



X 
X 



NOTE 



NOTE 



10 
U 
12 
II 
14 
15 
16 
17 



B @ 

hQhD AR 
liOAD ARK 
AD rUNC 
BREAD 
WRITE 
RPW CYCIjE 



X 
X 



X 
X 



X 
X 



CR 
CR 
CR 
UR 

m 

UR 
UR 
UR 
UR 
UR 
UR 
UR 



« 
« 



AD 



NOTES 

WAIT 
CR 

UR 
» 

AD 
A 



DESCRIPTION 

NOP 

AR LEFT INDEPENDENT 

MB WAIT 

FORCE SECTION ZERO 

AREAOt fcOAD AR 

B WRITE CONDITIONAL 

FETCH* LOAD ARX 

REGISTER FUNCTION 

LOAD AR, LOAD ARX 

LOAD AR, LOAD ARX 

LOAD AR 

LOAD ARX 

LOAD FUNC FROM AD 

LOAD AR, LOAD ARX 

STORE AR 

READ-PAOSE-WRITE 
CLOAD AR) 



GENERATES MiOX WAIT (IF MEM Cf CLE , AND, -AC REF) 

CONDITIONAL REQUEST (SEE INDIVIDUAL DESCRIPTIONS) 

UNCONDITIONAL REQUEST 

CRAM i FIELD IS FURTHER DECODED 

AD COO»I2) FIELD IS FURTHER DECODED 

DRAM A FIELD IS FURTHER DECODED 
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2,3 MEM FUNCflONS (0EfAH,E03 

00 DEfAULf 

01 MEM/ARL IHD 

0ECOOES fHE CRAM i FIEI»0 AS roi.l.GWS (Cfi:.23 



too 


SUBROUTINE CAtiL 


#01 


AR (00*083 wm 


#02 


MQ ClbR 


#03 


ARX CI.R 


«04 


ARI, CliR 


iOS 


ARR CIiR 


#06 


ARli SEL 4 


#07 


ARti SEli 2 


#08 


ARL SEL 1 



02 MEM/MB WAIT 

WAIT FOR MSOX RESP 

03 MEM/SECTIOM ZERO 

WA0 VMA (13«17) WITH 00000 

04 HiM/AREAD 

THIS FlINCTIOW IS CONTROLLED B¥ THE ORAM A FIELD, CTHE 
FUNCTIOK MEM/AREAD SHOULD BE GIVEN iY THE MICROCODE 
SIMULTANEOUSLY WITH DISP/AREAD, TO DISPATCH OU THE DRAM 
AFIELD). THE FIELD IS DECODED AS FOLLOMS 

DRAH A 

000 

001 FETCH (SEE NOTE) 

010 WRITE (U»ySED) 

OH PAUSE, WRITE (TEST MRlTABILITf) 

100 LOAD AR, READ 

tOl LOAD AR, READ 

110 LOAD AR, READ, WRITE 

111 LOAD AR, READ, PAUSE, WRITE 

NOTE THE CRAM WORD IS SIMULTANEOUSLY aiNERATWG VMA/PC+l, 
IF THE ORAM A FIELD IS NOT 001, MCL VMA»AD IS GEWERATeD 
TO OVERRIDE THE MICROCODE; AM0 LOAD^ VMA FROM AD 
CEFFECT I VE ADDRESS} 

NOTE SEE ALSO DISP/AREAD 
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05 MEM/B WRITE 

CO»OITIONAI.l.y GENBBAfE AN MBOX C¥C REQ IF 0RAM B 01 |S 
tRUE CMCJiS), IT IS INTENDED fO Se USED WITH DISP/ORAM 

06 MEM/riTCH 

CONDIflOMAIiliy GENERATES AN MBOX C¥CREQ, (MCliS), f«E 
CONDITION BEING -PI CfCtE OR SKIP SATISriED OR FETCH EN 
IK, THE CRAM # FIEI.0 IS DECODED AS SHOiN 

#00 ONCDNDITIONAI^ FETCH (NOT, GlfEK IN SKIP TESTS) 
tOl SKIP TEST 
102 aUMP TEST 

#06, 07, 08 SKIP & aiTMP CONDIf ION (DECODE ORAM B 

FIELD) 

OOX UNUSED 

OIX 38 BIT AD COMPARE 

lOX 31 BIT COMPARE 

IIX 36 BIT Bit TESf 

NOTES I 

CONDlTIQNAt, SKIP VMA/PC + l, ME«/FEfCHf I/20X 
CONDITIONAI, JUMP VMA/PC + l, MEM/FETCH» #/SOX 

07 MEM/REG FONC 

THE CRAM I FIELD IS FORTHERPECOOBD AS SHOWN 

#00 MCL REG rWNC CMCLfi) 

101 APR E60X LOAD REG CAPR6) 

#02 APR EBOX READ REG (APRS) 

#06, 07, 08 CAPR6) 

1 APR EBOX CCA 

2 APR EtOX UBR 

3 APR EBOX EBR 

4 APR EBOX ERA 

5 APR EN REFILL RAM m 
§ (SPARE) 

7 APR EBOX SBUSDIAG 

10 MEM/A» 

USED TO LOAD THE § WORD OF AN EFFECTIVE ADDRESS CfCLE* 
THE LOGIC ON MCL4 IS USED TO CAtCOLATE THE MEMORf 
CONTEXT IN WHICH THE REFERENCE IS MADE, 

U MEM/Bf 

USED TO LOAD THE S WORD OF A BTffE POINTER EFFECTIVE 
ADDRESS CYCLE, JHE LOGIC ON MCL4 IS USED TO CALCULATE 
THE MEMORY CONTEXT IN WHICH THE REFERENCE IS MADE 
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12 MEM/ 1,0 AD AR 

STANDARD READ REFERENCE 

U MEM/MAD ARX 

STANDAIO READ REFERENCE 

14 MEM /At) FUHC 

USED 6f BOTH DIAGNOSTICS A»D ©y THE MICROCODE PAGE 
of^fS:^ AliGORlTHM. THE MBOX C¥C REaUIRED IS DETERMINED 
BI^AD BITS AS SHO«» IN THE TABI^E BEWft. (THESE MAT 
ALSO BE READ VIA CONO/SEL VMA) ^^n^^'^ ««, 

PC AND VMA riiAGS 

PC FWG CSCD) VMA FfcAG CMCiJ) 



00 


PC OVFL 




'• 


01 


CRVO 




liOAD AR 


02 


CRY I 




liOAD ARX 


03 


rov 




PAUSE 


04 


FPD 




WRITE 


OS 


USER 




VMA USER 


06 


USER lOT 




VMA PUBJjIC 


07 


PUBiilC 




VMA PREVIOUS 


08 


ADR 8RK ] 


ENH 


VMA EXTENDED 


0^ 


TRAP REQ 


2 


VMA FETCH 


10 


TRAP REQ 


I 


EBOX MAP 


U 


PXU 




•EBOX CACHE 


U 


DIV CHIC, 




•EBOX PAG£D 



li MEM/iREAD 

USED fO READ THE B¥TE DATA WQRD AFTER THE BjTE POINTER 
EFFECTIVE ADDRESS CAtCUMlION IS COMPMfC, THE LOGIC 
ON,WCM IS USED TO CALCULATE THE MiMORX CONTEXT IN 
WHICH fHE REFERENCE IS MADE vy«4tAi an 

16 MiM/WRITE 

STANDARD WRITE REFERENCE 

n MEM/RP« CYCLE 

oS!S\ P ^**® ST*»fDARD WRITE REFERENCE, INITIATES A 
REAO^PAUSE^WRITE CYCLE IF THE ACCESS IS NQN.CACHED, 
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3* OISP/FimCTlONS 
3tl GENERAL 

THIS FIVE»BIf FIELD IS LOCATEO ON THE CRA iQAR0 FOR HARDWARE 
TIMING REASONS ASSOCIATED WITH THE OISP FUNCTIONS, OF THE 32 
POSSIBLE COOES, 16 ARE 0ISP CDISPATCH3 FUNCTIONS ftNO 16 ARl 
SPEC (SPECIAL) FUNCTIONS, FUNCTION 00 IS THE DlSP/DlAG ABR TO 
PERMIT EASILX STARTING OF THE MICRO-CO0E AT AN ADDRESS ASSIGNED 
iX THE CONSOLE, THE NOP CDEFAULT) FUNCTION IS FUNCTIOII lO 
C SPEC/NOP), 

3,2 DlSP/FUNCflON DECODED 

THE DISPATCH FUNCTIONS MODIFY THE CRA ADDRESS AS PRODUCED SY 
THE CRA BOARD, THE CURRENT CRAM J FIELD IS »OR«Ep INTO THE 
OUTPUT OF THE DISPATCH LOGIC ON CRAl AND eRA2, A SKIP FUNCTION 

MAY »E USED TO FURTHER MODIFY THE LEAST SIGNIFICANT ADDRESS 
BIT, , 



00 


DIAGNOSTIC 


01 


DRAM J 


02 


AREAD 


03 


RETURN 


04 


PAGE fAIL 


OS 


STATE REG 


06 


NICONO 


Ot 


SHIFT (00^03) 


30 


MULTIPLY 


3i 


DIVIDE 


32. 


SIGNS 


33 


PRAM 8 


34 


BYTE 


3S 


NORM 


U 


EA MOD 


37 


EA TYPE 
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i,3 DISP rUMCflONS CDiTAILEO) 

00 OISP/0IAG CCRA33 

U Blf OISPATCH ON THE CONTENTS OF THE DIAGNOSTIC 
AODRES REGiSfER, THIS JS THE DEFAUl^T DISPATCH (00) 
AFfER RESET, TO PERMIT STARTING OF THE MICROCODE AT AN 
ADDRESS JbOADED SY THE C0NS01.E, 

OS DISP/DRAM J ClRl) 

DISPATCH OS THE DRAM a FIEI4D, NOTE fMAI THE DRAM J 
FIEI.D DOES NOT HAVE SITS IN POSITION 00, 05, 06, AND 
THAT AN EVEN-ODO PAIR MAY DIFFER ONfcY IN POSITION 08, 
09, lOCI.E,, THE I/AST OCfAt. OIGII), 

I,E,, DRAM a 8 OC CCC OOC XXX 

WHERE C IS COMMON ADDRESS BIT 
X IS UNIQUE ADDRESS BIT, 

02 DISP/AREAD (CRA3) 

DISPATCH CONTR0I,I,ED if THE DRAM A PIEtiD, IF A IS 00 OR 
01, THEN THE DISPATCH IS ON THE DRAM a FIELD (IDENTICAIi 
TO DISP/DRAM J), FOR VAI^UES OF A FROM 02 TO 07, THE 
DISPATCH IS TO I.OCATION 42 TO 47, RESPECTlVEl^y, THIS 
FUNCTION IS INTENDED TO BE USED SI«Ui.TANEOUSl,lf WITH 
MEM/AREAD, REFER TO MEM/AREAD FOR FURTHER INFORMATION, 

03 DISP/RETURN (CRA4) 

SUBROUTINE RETURN DISPATCH, THE RETURN ADDRESS MAY OF 
COURSE BE MODIFIED BY THE a FIELD, THIS FUNCTION POPS 
THE RETURN ADDRESS OFF THE STACK, NOTE THAT SUBROUTINE 
CAliL IS NOT A DISP FUNCflON, »Uf IS DONE VIA SPEC/CAW, 
OR VIA ARl, IND (MEM, SPEC, OR COND FUNCTION), 

04 DISP/PAGE FAIL CCLK4) 
DISPATCH ON PAGE FAIL CAUSE, 

05 DISP/STATE REG (C0N3) 

16-WAY DISPATCH ON STATE REGISTER, THE STATE REGISTER 
IS LOADED VIA COND/SR<«# 
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06 DISP/NICO«D (COM2) 

16*WA¥ DISPATCH EVOKED AT THE END OF EVERY MACRO 
INSTRUCTION TO DETERMINE THE NEXT INSTRUCTION 
CONDITION, THE NEXT INSTRUCTION MUST PREVIOUSLY HAVE 
BEEN REQUESTED, AND THE REQUEST MUST HAVE BEEW FOLLOWED 
8¥ AT LEAST ONE MICROCODE INSfRUCflOK BEFORE THE 
DISP/NieOND, THIS FUKCTIOS IS INTENDED TO BE USED WITH 
A HEW/MB WAIT FUNCTION, 

NJCOND DISPATCHES AS FOLLOWS COO IS HIGHEST PRIORITY) 

00 PI CYCIE IN PROaRESS 
02 STOP CRU8 FLAG IS OFF) 

04 MfR INTERRUPT RiaUEST, (HIGHER PRIORITY THAN 
NORMAL INTERRUPTS) 

06 STANDARD INTERRUPT RiaUESTS 

42 NORMAL (INSTRUCTION IS IN ARX) 
13 TRAP REQUEST 

16 AC REF (INSTRUCTION IS IN FAST MEMORY) 

17 TRAP REQUEST (AND AC REF) 

30 0I5P/MULTIPLY (CRA2) 

DURING THE MULTIPLE ROUTINE, THE LOOP COUNTER IS 
COUNTED DOWN IN THE FE REGISTER, DISP/MULTIPLY 
DISPATCHES AS FOLLOWS 

00 » 03 FE POSITIVE, DISPATCH ON Ma34, MQ3S 

07 FE NEGATIVE 

31 DiSP/DlVIDE (CRA2) 

DISPATCH 8-«AYS ON FE 00, BR 00, AD CRY 00 

32 DISP/SIGNS CCRA2) 

DISPATCH 8-WAYS ON AR 00, 8R 00, AD 00 

33 DISP/ORAM B (CRA2) 

DISPATCH 8-WAYS ON DRAM B FIELD, OFTEN USED IN 
CONaUNCTION WITH MEM/BWRITE 

34 DISP/BYTE {CRA2) 

DISPATCH 8 WAYS OK FIRST PART DONE, BR 12, SCAD 00 



1080,2040,2060 ENGINEeRING FUNCTIQIIAI, SPEC •CHAP 2,15 PAGE 10 
MJCHO-CODE SPECIAli FUNCflONS CFROTO & PRODtfCflONJ REV J 



35 OISP/NORH tIR3) 

DISPATCH IVOKEO DWRlNG NORMAIiIZE ROUTINES TO OISPATCH 
0»E or 8-WA¥S Of* THE MOST SIGNiriCAST OHE BIT lU AD 

ZERO 

1 NEGATIVE 

2 AD (Ol-OS) 

I AD 07 

4 AD 08 

5 AD 09 

6 A0 10 

7 AD (U-IS3 

U DISP/ift MOD (CRA2f SHU 

USED DURIK6 EfPECTIVE ADDRESS CAl,C«l.ATJOIJ, »#2 + 
CXR)»l 

37 0ISP/EA TYPE (MCIi4) 

USED DURING PXCT AND SXCT EFFECTIVE ADDRESS 
CALCULATIONS 

00 HORMAt 

01 CPXCt 4 AT ARIAD, PXCT t AT BREAD) ,AHD, C»SX 
10 SXCT 

II SXCT B 
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4, SPEC/rUNCTIOIiS 

4.1 GENERAL 

fHIS ri¥E SIT FIELD la IiOCAfED ON THE CRA BOARD, WHERE If IS 

I.OCA1E0 FOR HARDWARE f IMING REASONS ASSOCIATED WJTH THE 0ISP 

FUNCTION, WITH WHICH THE FlEliO IS SHARED, THUS A DISP FUNCTION 

AND A SPEC FUNCTION CANNOT BE GIVEN IN THE SAME MICRO-CODE 
iiiORD, 

4.2 SPEC FUNCTION CCTLl) 



10 


• 




20 


SECTION HOIiD 


il 


iNH cm 


18 


21 


SBR CALL 


la 


MS SHIFT 




22 


ARL IN0 


13 


SCM ALT 




23 


MTR CTL 


u 


CLR FPO 




24 


FLAG CTL 


1$ 


LOAD PC 




25 


SAVE FLAGS 


16 


XCR¥ ARO 




26 


SP MEM CYCLE 


17 


GEN CRY 


18 


27 


AD LONG 



4,3 SPEC FUNCTIONS (DETAILED) 

to 



12 



11 
14 

16 



DEFAULT NOP, NOTE THAT FUNCTION 00 IS THE DlSP/DlAG 
FUNCTION, USED FOR STARTING TME MICROCODE 

SPEC /INH CRY 18 (CTLD 
INHIBITS CARRI INTO THE AD LEFT 

SPEC/MQ SttlFT (CTL2} 

USED WITH THE CRAM MQ SEL 1 BIT TO SELECT EITHER OF THE 
SHIFT INPUTS TO THE MO REGISTER, T«E VARIOUS INPUTS TO 
THE MQ REGISTER ARE ALSO UNDER CONROL OF OISP/MUL, 
DISP/DIV, COND/REG CONTROL, AND RESET 



SPEC/SCM ALT (5CD2) 

USED WITH CRAM SCM SEL 2 TO 

INPUTS TO THE 5C REGISTER 

SPEC/CLR FPD tSG04) 

USED TO CLEAR SCO FPD FLAG 



SPEC/LOAD PC CCTLlf VMA3) 

USED TO LOAD THE PC FROM THE VMA REGISTER 



SELECT ONE OF THE FOUR 



SPEC/XCRY ARO CCTLD 
COMPLEMENTS THE CARRY 
NEGATIVE 



IN TO THE AD IF THE AR IS 
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17 
20 

2t 



22 



21 
24 



SPEC/GEM CRlf 18 iCTht, IR4) 

GEKERAfiS CARR¥ IN TO THE t,EFT HALf OF AO 



SPEC/SECTIOM HOI^D (MC1,4) 

FORCES RECIRCOliATION OF THE CURREST 

t3-l7) 



VMA SECTION (V«A 



SPEC/SBR CAI<1. CCTt.2, CRA4) 

PUSHES THE CURRENT MICROCODE ADDRESS ONTO THE 

SUBROUTINi STACK, NOTE THAT THIS MEREtY DEFINES THE 

RETURN AREA OF THE SUBROUTINE, T»E SUBROUTINE NEED NOT 

BE ENTERED YET, OR EVEN AT AI.I,, THE CRAM J FIEI.D IS 

USED TO MODIFy THIS ADDRESS WHEN RETURNING FROM THE 

SUBROUTINE, 

SPEC/ARIi INO {CTli23 

DECODES THE CRAM # FIEltD AS FOI^l^OWS 



100 


SUBROUTINE CAit, 


#01 


ARC 00*08 3 MAD 


#02 


MQ Ct^R 


103 


ARX C|*R 


#04 


ARI. C1.R 


#05 


ARRCI.R 


106 


ARt SEl. 4 


#07 


ARI, Sill 2 


#08 


ARL SEli I 



SPiC/Ft,AG CTL 

DECODES THE CRAM # FIEliO AS FOl,fcO«S 



#00 


liEAVE USER 


#01 


SPEC JFCli 


#02 
#03 


PI DISMISS 
HALT 


#04 

#05 


LOAD FLAGS 
PORTAL 


#07 


LOAD FLAGS 



CLEARS USER, USER lOT, PUBLIC 

CSCD5) 

OVERRIDES EXEC^ MODE TO SELECT 

SCDOV INSTEAD OF SCDPCP 

CSCD4, SCDS) 

DISMISS PI CHANNEL CCONg) 

CLEARS RUN FLAG CCOK23 IF 10 

LEGAL 

LOAD PC FLAGS FROM A« CSCD43 

CLR PUBLIC tSCDS) IP PRIVATE 

PAGE 

LEAVE USER MODE tSCDS) 
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25 SPEC/SAVE FLAGS (CTLl, 
HAS THE FOLLOWING EFFECTS 

INHIBITS A0X CRI 36 IF FC+l INH IS TRUE CCTLI) 

SETS PI HOLD AND CLEARS PI CYCLE IF PI CYCLE IS TRUE 

(CONS) 

GENERATES SCO LEAVE USER IF IN PI CfCLE tBCpB) 

26 SPEC/SP MEM CfCLE 

USED FOR EXTRA CONTROL OF THE MEMORlf FUNCTION REOUESTED 
SIMULTANEOUSLl VIA A MEM/FUNC CODE. DECODES THE CRAM # 
FIELD AS FOLLOWS 

#00 UNCOWDIf lONAL FETCH CMCLi) 

#0i USER MODE {MCL2) 

#02 EXEC MODE (MCL3) 

»Q3 FORCE SECTION ZERO CMCL4) 

#04 UPT REFERENCE IF USER CMCL33 

iOS EPT REFERENCE IF EXEC CMCL3) 
#06 

#07 INHlilT E80X CACHE (MCL6) 

tot INH1SITE80XMAI BE PAGED CMCL6) 

27 SPIC/AD LONG (CfLI# IM) 

ENABLES CARRIES FROM ADX TO AD, SO DO THE FUNCTIONS 
DISP/MUL, DISP/OIV# DtSP/NORM, AND SPEC/MQ SHIFT, 
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5, SKIP/FUNCflONS 
^•t OENERAI, 

THE SKIP AND CONO FUfifCTIONS SHARE THE SAME SIX-BIT SPECIAI4 
FIELD. or THE 64 POSSIBLE FUWCf IONS, 32 ARE CONOITIONAI. SKIP 
FUNCfJOWS, CONTROLLINa CR ADR 10 (THE LEAST SiGNiriCAWT OF THE 
CRAM ADDRESS LINES, 

5,2 SKIP FUNCflON 



40 


: * 


CRA2 




41 


•ODD PARITY 


CRA2 




42 


8R 00 


CRA2, 


EDP4 


43 


ARX 00 


CRA2, 


EDP2 


44 


AR 18 


CRA2, 


EDPi 


45 


AR 00 


CRAa, 


E0P1 


46 


AC * 


CRA2, 


IRl 


47 


SC 00 


CRAa, 




50 


SC ,LT, 36 


CRA2, 




fl 


SCAO 00 


CRA2, 




S2- 


-SCA0«O 


CRA2, 




53 


ADX 00 


CRA2, 


EDP3 


54 


AD cm 00 


CRA2, 


IR4 


55 


A0 00 


CRA2, 


IR3 


56 


•A0»O 


CRAa, 


IR3 


57 








60 


FETCH 


C0N2, 


CRA2 


61 


KERWEL MODE 


C0N2, 


CRA2 


62 


USER 


C0N2, 


CRA2 


63 


PUBLIC 


C0N2, 


CRA2 


64 


RO«PSE-iR 


CON 2, 


CRA2 


6$ 


PI CfCLE 


C0N2, 


CRAa 


66 


EBUS GRANT 


CON 2, 


CRA2 


67 


PI TRANSFER 


C0N2, 


CRA2 


70 


IKT REQ 


C0N2, 


CRAa 


71 


•START 


C0N2, 


CRA2 


72 


RUN 


CON 2, 


CRA2 


73 


I/O LEGAL 


CONa, 


CRA2 


74 


PXCf OR SXCT 


COM2, 


CRA2 


75 


EBOX PF HANDLE 


C0N2, 


CRAa 


76 


VMA AC REF 


C0N2, 


CRA2 


77 


MTR INT REQ 


C0N2, 


CRA2 
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&, COMD/FUUCflONS 
§,1 GENERAL 

THE SKIP AND CONO FUNCTIONS SHARE fHE SAME SIX-BIf SPEClAIi 
FIEI^D, or THE 64 POSSIiJiE FUMCflONS, 32 ARE SPECIAl. COND 
rUNCTIONS, THESE 00 THE SAME TYPES OF THIKGS AS THE SPEC 
FUNCTIOMSi AND ARE ONI^I DISTINGUISHED B¥ COMING FROM A SEPARATE 
MICRO-CODB FIELD, 

6,2 COND FUNCTIONS CCONl, CTl.2, SCD3> 



00 


* 




20 


0IAG FUNC 


01 


AR (0O»O8) 


LOAD 


21 


EBOX STATE 


02 


AR (09»17) 


LOAD 


22 


EiUS CTL 


03 


AR C18»35) 


LOAD 


23 


MiOX CTL 


04 


AR cm 




24 


•HI" 


05 


ARx cm 




25 ■ 


• 


oi 


km IN0 




26 


m- 


07 


REG CTI/ 




27 


m 


10 


FM WRITE 




30 


VMA # 


U 


PCF- <- i 




31 


VMA <• #+fRAP 


la 


FE S»Rf 




32 


VMA <• l+MODE 


11 


A0 FLAGS 




33 


VMAE <• i+AR(32'»3§ 


14 


LOAD IR 




34 


VMA <*■'- #*2N 


IS 


SPEC INSTR 




3S 


VMA DEC 


le 


SR <• 1 




36 


VMA INC 


1? 


SEL VMA 




37 


LOAD VMA HELD 



6,3 CONO runCTIONS (DETAILED) 

00 DEFAULT 

01 COND/ARLL LOAD CCTL2) 

FORCES LOADING OF BITS 00*OS OF THE AR REGISTER 

02 COND/ARLR LOAD CCTL2) 

FORCES LOADING OF BITS 09»17 OF THE AR REGISTER 

03 COKD/ARR LOAD tCTL23 

FORCES LOADING OF BITS 18-35 OF THE AR REGISTER 

04 COND/AR CLR CCTL2) 

FORCES CLEARING OF THE AR REGISTER 

05 COND/ARX CLR tCTL2) 

FORCES CLEARING OF THE ARX REGISTER 
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n conp /kRhim £CTi2) 

DECODES fHE CRAM i flEm AS FOW-OWS 

#00 SWBROUf INE CAfcl, 
#01 ARCO0»O8) LOAD 
i02 Ma Cf»R 

#03 ARx cm 

#04 ARI. CtR 

#05 ARR Cl«R 

#06 ARIi Sit 4 

#07 ARl, SEt, 2 

#08 ARL SEI* 1 

07 COND/REa Cfl, (Cft2, Cfl,l) 

DECODES THE CRAM # FiEI.0 AS rOI*liO»S 

#00 AR C00"08) LOAD 

#01 AR €09»17) LOAD 

#02 AR (18»35) LOAD 

#03 • " 

#04 • 

#05 CONO/AR <• EXP TEST 

#06 

#07 MQ SEL #2 

#08 Ma SEL #1 

JO COND/FM WRITE (CONl, APR§^£DP4) 

GENERATES APR FM WRITE fO WRITE AR I»TO FAST MEMORy 

It CONO/PCF <• # (CONl, 5CD5, SC04) 

SETS THE PC FLAGS FROM THE CRAM | FIELD 

#00 ARITHMETIC OVERFLOW OV 

#01 FLOATJMS OVERFLOW FOV 

#02 FIRST PART DONE PPO 

#03 TRAP 2 TRAP REQ 2 

#04 TRAP I TRAP REQ I 

#05 FLOATING UIDERFLOW FXU 

#06 DIVIDE CHECK DIV CHK 

#07 • 

#08 • 

12 CONO/FE SHRT (CONl, SC02J 

CAUSES AM ARIfHMETIC SHIFT OF FE RIGHT ONE PLACE 

If COND/AD FLAGS (CONi,SCDS, SCD4) 

CONTROLS OVERFLOW AND CARRY FLAGS FROM ADDER OUTPWT 
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14 



COND/LOAD IR (CONl, C0N2, IRl) 
LOADS THE IR REGISTER, THEN STROBES 
NEXT EBOX CifCLE 



THE DRAM ON THE 



15 



GOMD/SPEC INSTR (CONl, C0N2| C0N4, CONS, MCl.4) 
DECODES THE CRA« I FIELD AS FOLLOWS 

#00 PI CfCLE 

#01 KERNEL ClfCLE 

#02 PC+1 INHIBIT 

•03 SXCT 

#04 PXCT 

105 INTERRUPT DISABLE 

#06 ABORT INSTRUCTION CINTERRUPTEO) 

#07 EBOX HALTED (SiaNAL TO CONSOLE) 

#08 • 



1§ 



17 



COND/SR 
DECODES 

#00 

#01 

#02 

#03,04 

#05,06 

#07,08 



<• # CCONl, CON 2, CONIf 
CRAM I FIELD AS FOLLOWS 



MCL43 



SWITCH FROM PXCT 10,4 TO PXCf 2,1 

SET SRC CONDITION 

SET DST CONDITION 

HOLD STATUS REGISTER BITS 02, 03 

CONTROL STATUS REGISTER BITS OOi ( 

SET STATUS REGISTER BITS 02, 03 



COND/SEL VMA (CONl, M0L3, VMA4) 

SELECTS VHA HELD INSTEAD OF PC AS INPUT TO ADA MIXER ON 

DATA PATH 
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20 



COND/OIAG FUNC CCONl, COS 3, CTI»3) 

SIMULATES IMPUT ABD OUTPUT IMSTRUCTION TO THE INTERNAli 

DEVICES, THE INPUT IMSTRUCTIONS ARE DOSE Bf GEKIRATING 

THE EOmVAl-ENl DIAGNOSTIC READ FUMCTION OS CTW? THE 

OUTPUT FUNCTIOS lY GENERATING VARIOUS COMO AND DATAO 

SIGNAl^S ON C0N3, THE CRAM » FIELD IS DECODED AS 

FOLLOWS 



#00 
#01 
#02 



DELAY THE EBOX CLK 

OlOUTPUT, 1»INPUT (IF 0, ENABLE AD ONTO EiUS) 
»( 02*08 ) OUTPUT FUNCTIONS 



#004 WRPAE (LH) • LOAD LH PERF ANAL ENAaLES 

#005 WRPAE CRH3 

#00i CONO MfR 

#007 CONO TIM 

#0*4 CONO APR 
#015 CONO PI 
#016 CONO PAG 
#017 DATAO APR 
#020»023 DATAO PAG 

(AC iL0C«5, PREV CONTEXT CONTROLLED BY EBUS 

OOrOl) 
#024»027 DATAO PAG 

(AC BLOCKS, PRETT CONTEXT CONTROLLED Mt #07,0$) 
»03X 

»04X - 
#05X • 
#06X • 
#07X 

#C02«08 3 INPUT FUNCTIONS 

THESE FUNCTIONS SIMULATE THE DIAGNOSTIC fUNCflONS* 

HERE IS LISTED MERELY THE LOADS WHICH ARE READ. 



10X 

llX 
12X 
13X 
14X 

15X 

lex 
ilx 



PI (00-17), MCL(18»23), CTL(24«29), 

CLK (30*35) 

APRCOl, 06*17), MTR(18«353 

IDP (00»3S) 

SC0(02»ll), IR(i2-17), C0N(18»24) 

CRA(00»05), CRM(08»a, 14*17, 20-23, 

26-29, 32*3S) 

VMA( 13-35) 

M»Z(O0-O8, 14-26, 34-35), MSC(27-33) 

CRC ( 00»04 ) , CCW C 05-i ) , CHI 1 1*1 4 ) , 

CCLdS* 18-193, CHXC20-2U, CSH(2a-2f3, 

M»X(30*3S) 
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21 



COND/fiBOX 51ATE CCONl, C0Ji4) 
DECODE THE CRAM i FIE|,0 AS fQhhOm 



#01,02 SET, H01.D OCOOE SfAfE 01 

#03,04 SET, mhf> mom state o3 

#05,06 SET, HOLD UCODE STATE OS 
#07,08 SET, HOIiD UCODE STATE 07 

22 COND/EBUS CTI* (C0I41, C0«3, APR3) 

CONTROtS THE PI BOARD AND EXTERNA!. I/O TRANSFERS VIA 
DECODIfiG or THE CRAM # FIEtD 



23 



#00 RET FORCE ECl. ESUS RETURK 

tOl REQ REQUEST EBUS CQNTROli 

#02 REL REI.EASE EBUS AMD AIjI^ CONTROLS 

#03 DEMAND ASSERTS EBUS DIMAHD 

#04 I/O ASSERTS THE I/O FyMCTlON 

#05 AC FUNC SELECTS E8US FWNCTXON FROM AC10rll#l2 

#06 DEV SELECTS DEVICE 000 

#07,08 # FIINC SELECTS EBUS FUNCTION IF #05 a 

COND/MSOX CTL (CONl, APRS 3 

DECODES THE CRAM i FIELD AS FOLLOWS 





#01 


•I 

PAGE FAIL 




#02 
#03 
#04 
#05 
»0& 
#07,08 


I/O PF ER 

PT DIR m 
PR WR 

FUNC 


24 


SPARE 




25 


SPARE 




2^ 


SPARE 




27 


SPARE 





SIMULATES PAGE FAIL 

(DIAGNOSTICS) 

SETS 1/0 PF ERR (DIAGNOSTICS) 

WRITE PAGE TABLE DiRECTORf 
WRITE PAGE TABLE EMTRY 

SELECT PAGE TABLE FUNCTIOi 
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hhh or tm rmcfiQu 3o»34 mad the vma from the cram # ntw, 

DECOOEO ON CCONl, SCD3f VMAl) 

10 COND/VMA»# 

31 CON0/VMA»# ♦ TRAP C)fCl.E 

32 COND/VMA»# + USER»4 ♦ PtJBl,IC»2 + fRAP*l 

33 CON0/VMA»# + AR C32-35) 

34 COHO/VMA»# ♦2N 

35 COND/VWA DEC CCONU 
34 CON0/VMA INC CCONl) 

DECREMENT OR INCREMENT THE VMA 

37 CON0/tOAD VMA HEhD (CONl, MCtl, MCU* VMA4) 
LOADS VMA HELD FROM VMA REGISTER 

tEND or CH2S15,SPC1 
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TO? KhiQ hWSf J, PARSliOW C200 rH4EJ 

flTi^Ei ISP DESCRIPTION OF PDP-6, K*, Kl, Kh PROCESSORS 

STATUS J THIS CHAPTIR REFliECfS THE ISP OESCRIPflON OF THE 4 
PROCESSORS AS OF MAI 197S, 

FILEI tEFSJC«2Si7,SPC 

POM #J 200*200*038»00 

WTfiS U AUG 75 

SUPERSEOil? MEMOS? NONE 

SyPElSEUED SPECSs 

ENGINEER J hWW DICKMAi 

APPRO¥£0 J 

EDITOR? f, HASTINGS 

TYPISTI 

REVIEWED J 

0ISTRIiUTE0| 

A8STRACT 

ISP IS A FORMAL I«ANGOAGE FOR DESCRIBING PROCESSORS, IT WAS 
DEVELOPED B¥ GOR0EN BEW», 

REVISION HISTORY 

REV DESCRIPTION CHG NO ORIG DATE APPO M DATE 
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POPiO i» 
(0ECI»ARE 



I GEMIRAI. COMMENfS 

1 OEFINIflOMS APPI.Y TO W5ER MOOI (NO USER 1/03 

I FUNCflOMS NOT DEFINED • SET.FMGS, IiOfiG 



I ItEMS TO ADO to P0PIO INSTRUCTION SIMULATOR CSIMIO) 

J IlSTRyCTIONS • ADJSP, EXTEM0ED INSTRUCTION SET 

i OSE OF LEFT HALF OF INDEX WORDS 

i USE NOM«EERO AC FIELD IN IBP 

i USE AC FIELD OF OSB 

I USE BITS 0-12 OF INDIRECT ADDRESS 
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J PROCSSSOR T¥PE 

MACRO PBP6 Sss C^ROCiSSOR mU 1964)$ 

MACRO KAIO t as (PROCESSOR EQl. i9i7)$ 

BiACRO KliO !• (PROCESSOR EQl» 19723$ 

MACRO KilOt* (PROCESSOR EQL 19753$ 

MACRO UNICORN |» (PROCESSOR ESli 19763$ 



1 PC Sf AfE 

PC.W0RD<0S35>y 

0VERn.0«\INTEGER,0VERFWW<> IS PC.WORD<0>J 
CR¥,0\CARRY,OUf .OF.BIT.OO S« PC,«OR0<t>| 
CRy,lSCARRy,0(IT,OF,BIf ,iO im PC,W0RD<2>J 
Flif ,0¥ERFl,OW\Fl40ATlNG,OVERFtiOS«<> l» PC,W0RD<3>J 
FP0\riRSf,PART,OONE<> S» PC,W0R0<4>| 
USER\US£R,MOOE<> l» PC.WORD<f >» 
IISBR,1O\USER.1O,MO0E<> l» PC.W0RD<6>J 
P«BIjlC\PUiliIC,MOOE<» ta PC,W0RD<7>J 
AFl\AO0RESS.FAIi«URE»IMHIBIT<>, js PC,WQRi)<8>| 
fRAP.aSSfACKtOVERFI.OWO t« PC,WOR0<9>| 
fRAP,l\ARIfMMETIC.0VERri.0«O ts PC.WORD<iO>i 
Fl<f.UM0ERri*OW\FiOATING,UNDERFI*Oif»<> js PC.W0R0<ll>J 
KO,OIVIDE\0IV1DE,CHECK<> i* PC,W0RD<l2>if 
PC\PROGRAM,COUMTER<i8l3S> I« PC,WOR0<i8 J35>? 

»AP,«OR0<18!3S>| 

PAGE,FA1LURE<» r» MAP,WOR0«18>? 

P<> |« MAP,W0R0<19>? 

«<> IS MAP,W0R0<20»| 

SO S« MAP,W0RD«21>I 

NO.MAfCHO J«? «AP,WOR0<22>| 

PHYSICAL, PAGE, AD»RESS<23 I 35> f» MAP,«OR0<23|35>y 



i MP SfAfE • PRIMARY VIRTUAl* MEMORY OF 2**18 WORDS 

M\MEMORf [0||777777J<8|35>| 
AC\ACCWMULAfORS|O|#173<0l3§> |» M[0s#17J<0i35»| 



I BASIC INSTRUCTION FORMAT 

IRVINSTRUCTION,REG1STER<0»35>| 
OfCODE<0j8> 8» IR<0!8>r 
A\AC.FlEl,0<9tl2> S» IR<9lt2>? 
r\F0NeTIO»<9sl2> I» IR<fU2>? 
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1 XEMPORARlf DEFINlflONS 

MACRO MIN,2.tO,70 t» #600000000000000000000000$ I 
•2#»70 



I fE«PORAR¥ REGISTERS 



SVSOURCe , 0PERAND<0r3S> 1 

0\OESTlNAtiO»,OPERAND<Os35>; 

SAVSOURCE, AD0RESS<1 8 S 3S> ; 

PAVDESTINATIOS , ADI5RESS<i8 S 35>| 

TEMP\TEMPORARY,RE0ISTER<O8 3$>? 

TEMPl\TEMP0RAEy,RBGlSTER<Qs3S»| 

TEMPF\TlMP0RARlf,FLAG.ReGISTER<9U2>l 

»ASK\«ASK,W0RD<0|35>? 

SP\STACK,P0INTER<0?35>J 

BXIg,PTRS8yiE,P0INTER<0t3S>? 

P0SVPOSIflO!l<0t5> I* ilfTl,PfR<0|5>| 

SI2E<6|11> $« ltTE.PfR<6Ul>| 
VMAWXRTUAl,, MEMORY, A00RBSS<i3|35>| 

I\INDIRECT<13> I» VMA<U>| 

X\INDeX<J4Jl7> is VMA<14U7>| 

y\0rFSET<iaj3$> I* VMA<l8;35>y 
E\EFFECTlVE,A0l)RE$S<i 8 1 35>? 

EO\EXfEND,INSTRUCTION,ErreC'riVE,AO0RESS<I8!35>| 
E1\EXTEN0E0.INSTRUCTION,EFFECT1VE,ADDRESS<18S35»| 
WST\I#AST , ADDRESS , IN , EA<1 8 1 35> ; 
SC\PaSITIONS.TO,SHIFT<0:8>| 
LINK\SHIFT,0UT,iITOj 
NUMVSHIFf.IN.ilTO; 
NO\REiATI¥E,ByTE,IN,WOR0<OlS>? 
Nl\BYfES,PER,»ORD<0s5>| 
QSWOR0S,T®,CROSS<18J35>? 
R\iYTES,IN,FlNAl,,WORO<0l5>| 
EXPIVFLOATING, POINT. EXP0NENf<0l8>| 
EXP2\Fl.0AtI»a|P0iNT,EXPO«iNT<0sS>? 



MACRO 

USE0 

MACRO 

MACRO 

MACRO 

BITS 

MACRO 

MACRO 

MACRO 

MACRO 

MACRO 

MACRO 



F62 IS. 35$ 



i 62 THESE DEFINITIONS ARE 



F63 
Ff7 
Ftl 






= 35$ 
3S$ 

35$ 



F36 ■ J»: 35$ 

F72.t» 35$ 
F107 s» 35$ 
P108 S« 35$ 
■P143 I«-J$$ 

F70 !»- 35$ 



63 
97 
71 

36 

72 

107 

108 

143 

70 



TO BtPASS A PRD»l.EM 

IN THE ISP COMPILER WICH 

PROHIBITS MORE THAN 36 

IN A REGISTER 



MANt\FI,OATING, POINT, MANTlSSA<0sr97»f 
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MAN2\F10AfIN6,POINT,MANTISSA<0»r97> 
ERAtClO i ENO or REGISfER DECiiARATlONS 
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i BASIC FUNCTIONS 

|L tW ^^ ''^^ '^^ ^^ ^^ ^^ "^ff ^^ ^^ ^ff flP wf' ^^ "^^ ■ 

EA IS C J EFFECTIVE ADDRESS CAt-CULAf ION 
(IF X KEQ => y^ACtXl+y? LAST-X) NEXT 
(DECODE I »> 

V»A<13ll7>^0y 

(yMA»MCXJ<l3t3S> NEXT 1<AST»VHA NEXT EA)))? 



HU«0 ?» CFPD.OJ AFI^Oi TRAP»UO| TRAP. 2^0 3 1 



NOP t« TEMP^TEMPl 



..SHIFf, COUNT i« SC.*E<-.l8>iE.<.2Sl3S>| 
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ISP DESCRIPTION or P0P*6, KA, KI, Ki. PROCESSORS 

i BffE MftNIPUI^AlION FUNCTIOWS 

VAIiIDAfEtByTE.POINfER s» { 

CIF (SIZE GTR P0S3 AND (SIZE GfR 36) »> POSaoO-SIZi) | 

(IF SIZE GTR 36 •> SIZE*36| fOS»0) NgXT 

(IF POS GEQ 36 «> SIZE*63r 

(IF (POS I,SS 36) AND (SIZE MS 36) AND CPOS+SIZE GTR 

36) «;> ■ 

SIZE^36»P0S) 



ADJUST, &¥fE, POINTER l» ( 
(IF SIZE NEG s> 

N0^TEMP1+((36»P0S)/SIZE)| I EyfE X» WORD 
N1.36/SIZi NEXT J B¥TES/WORD 

(IF Nl EQl, «> OVERFlbOW^U fRAP.UH iO,DIVIOE.l) I 
(IF MI UEQ 9> 

QJ^Q/Mlr I WORDS TO CROSS 

R,SO»(NO/NU#|iO NEXT I BITTES REMAIHING 

P6S«36«{R«Sj;ZE)j 

CIF PDP6 OR KAIO »» B¥fE.PfR^B¥TE,PTR+0)f I NOT 
IF INTERRUPTED 

(IF KIIO OR KhiO OR UNICORN »> 
B¥TE,PTR<l8j35»^TeMP<l8l35>+Q))) 
) f 



I*OAD,ByTE 1= C 

VALIDATE , BYTE, PTR NEXT 

V«A.a¥TE,PTR<13l35> NEXT 

EAj S«0 NEXT 

(IF SIZE NEQ f> 

S*MIVMA<18|3S>J "SRO POS NEXT 
S*^ •SI.O (36-SlZE) NEXT 
S,3 'SRO (36«SIZE)) 



DEPOSIT, SITE le ( 

VALIDATE, i¥TE,PTR NEXT 
VMA»B¥TE,PTR«I3S35> NEXT 

(IF SIZE NiQ «> 
MASK»0 NEXT 

MASMiASK •SI*1 (36»SIZE3 NEXT 
MASK.MASK "SRI £36-POS*SIZE) NEXT 
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0^0 *St*0 {36»SIZE) NEIT 
0iO "SRO (3&-POS*SIZE3 NEXT 

MCVMA<18l35>|«CMtVMA<l8J35>3 AND MASK) ORD) 
51 



lNCRi«ENT,BYTE,PTR |S ( 

VALIDATEtBYTE, POINTER J 

tEMPl^l KEXT 

ADJUST. STfTE.POIMTER) t 



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC • C»AP 2.17 
ISP OgSCRlPTION OF PDP-i, Kh, Kl, Kli PROCESSORS 



PAGE 9 



J FliOATING POINT FUNCTIONS 

ff ■■ ^F ^P ^r ^P ^f ^f ^P ^p 'i^ ^p ^p ^p 4^-'^F <nv lifff 4p>' ^p fpt Ifp fpi 4W 4B W ■ 



PACK l» ( 

EXPONENT, CHECK NEXT 

TEMP<0>^AN1<0>? 

(IF MAN1<0> EQIi 9> TEMP<1 S 8>«»EXP1*128) f 

(IF MAN1<0> EQL 1 *> TEMP<li8>»127»EXPl3? 

TEMP<t|3S>,^ANl<ls27>| 

TEMPI<0>,0| 

TEMPH1S35>^AN1<28;F62>); 



UNPACK ;» ( 

(IF T£MP<0> EOL *> EXPUTiMP<l j8>-ft28) I 

(IF TCMP<0> NEQ p> EIP1^127»f EMP<is8>J ? 

MANJ<0>»TEMP<0>| 

MANKI 1 27>»TEMP<9S 35>? 

MANl<28tF«2>»TEMPl<|l3S>f 

MANl<r63sF97>»0)j 



SWAP IS C 

EXPUEXP2I 
MANi»MAN2; 



EXP2,JEX.P1 f 
«AN2«MANUJ 



N0RMAI.I2E js C 

(IF PPPe ft> (IF MA!I1«0I27> EQI, »> EXPUO)) 
(IF KAIO OB KIlO OR KLIO OR UNICORN »> 
(IF MAN 1 EOt »> EXP 1^0)? 
(IF MAN J NEQ »> 

(IF MANI<0> EQIi MANt<l> s> 
FLT.LEFT, SHIFT? 
EXPl»EXPi»l NEXT 
NORMliOOP) 3 3 



NORHI^OOP l» 



)l 



Ai*IGN 8SS i 

(IF EXPI GTR EXP2 »> SWAP) NEXT 
(IF (EXP2«EXPi3 GTR 64 «> EXP WO? MANi.03» 
(IF (EXP2»EXPJ3 LEQ 64 »» 
AWOP »» (IF EXPI NEQ EXP2 »» 

Fl^T.RIGHT.SMIFTi 
EXPI»EXP1+I NEXT 
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AiOOP)) 



ROUND ?* C 

(IF MAN1<0> EQt »> MANKOf ri3»»«ANl<0;F63»l 3 > 

(IF MAIIJ<0> EQl, 1 S> 

(IF POPi *> MANl<0ir&3>,pMANl<0tF63>'H3| 

(IF KAIO OR KIIO OR KU6 OR UNICORN «> 
MAHl<0jr63>»MANl<0sF63>»U) 
U 



EXPONENT, CHECK !• ( 

(IF EXPl GTR 127 «> 
EXP1.EXPI-2S6? 
OVERFLOW.U 
Fl.f,OVERFWM,l| 

TBAP.WUr 

(IF Expi iiss -las s> 

EXPi^XPl + 256f 
OVERFIiOW^t I 
FtT, OVERFLOW.!; 
ri,T,UN0ERFl4OW«l; 
f RAP, 1^1) 
3? 



P|,f,RIGHT,SHlFT t» (MANUMANl *SR MAN1<0>)| 



FLf.MFI.SHIFf ?* (MANi<lsF97>^MANl<l|Ff7> •^SIiO IJ? 
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lEXf ENDED FUNCTIONS 

£ ■■ "^ 'P ■W 'Pp flp 'W ■flB''(P ^P* W* ^||l'flW'i|^ *IP 'W ^1^ Hfr ^W' 

TRANSMfE »» •( 

VMA«EUS<0|34> NEXT 
{DECODE S<3S» »» 

TgMP<0»17>«MlVMAl<Oil7>; TEMP<0sl7>^tVMAJ<J8l35>) 
NEXT 

(IF TEMP<0> EQl^ I »> ACIA3«0!l>.'lUf I SiaNiriCANCE 
(DECODE TEMP<lJ2>*> 

NOP? i NOP 

ROM I 1 ABORT 

ACtA3<2>*0; 1 CliEAR « 

ACfA3<2>U)| i SET M 

S<0l20>»0f S<2ll3S>«TE«P<3Jl7>3j 



UPDATE, PATTERN ADDRESS l» ( 
AC t A J < 4 1 5>-AC [A J < 4 S S>+ 1 ? 
(ir ACtAX<4j5> EQl. 3 «> AC tA3<l8! 35>-.AC lAJ <l«l 35>+l) ) ; 



GET.PATTERN BITE I* ( 

P0S.C3»AC tAJ <4 JS>)«9| 

Size-9f 

BYT£.PTR<12tl7>*0| 

lfTE,PTR<i8S3S>^CIAl<18;35> NEXT 

1.0AD,aVTE NEXT 

PATTERN^<28U5>3? 



SKIP, PATTERN ;s ( 

UPDATE, PATTERN ADDRESS? 

PATTERN<3SS>^FATTERM<3«8>-1 NEXT 

(IF PATTERNS S8> NEQ «77 b> SKIP, PATTERN) ) j 



GET.SRCBfTE I» ( 

BfTE,PTR^ACtA+U NEXT 
INCREMENT, BYTE, PTR NEXT 
ACIA+1]«BYTE,PTR NEXT 
liOADriYTE NEXT 
ACtA3<9l3S>^CtAl<9s3§>»l)? 
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Sf ORE, OST, BYTE l» C 

B¥TE,PfR*AC|A+4] NEXT 
lNCREMENf,B5ffE,PTR NEXT 
AC[A+43»B¥TE,PTR NEXT 
deposit; BYTE NEXT 
ACiA+3J<9|35>^CtA+3l<9l35>-Ul 



LOAD, MESS AGI,CHARACfiR Sw ( 

VMA»EJ+PATTERN<3»i>4'l NEXT 
S^tVMAJ NEXT 
CIF S NBQ «> 
D*S| 

BlrTE,PTR«AC{At4j NEXT 
INCREMENT, BfTE.PTR NEXT 
ACCA+4JJS¥TE.PTR NEXT 
DEPOSIT,BYTE))f 



SRC, SETUP t* C 

ByTE,PTR*ACtA+U? 

CIF BITg,PTR<i2> EQI, I •> MUUO)j 

TEMPH NEXT 

ADJUST .BrTE.POINTER NEXT 

VA1.10ATE, BYTE, POINTER NEXT 

ACtA*13J3¥TE,PTR)? 



DST, SETUP ;» C 

ByTE,PfR.ACtA+41 MEXT 

(IF Bffg:,PTR<t2> EOI, I m> MUUO)? 

TEMPI,! NEXT 

A0aOSf,8rTE, POINTER NEXT 

VAtlDATE.BlTTE.POIMTER NEXT 

ACtA+4I»ByTE,PTRn 
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I IHSTRUCTIOli INfERPRBfAflON 

i *9*«WOT^«ipflt1|» <»«■•<» fill fli4|>«p<»«><l»«>l»«>IB 

mn ?» ( 

IR^MlPCJf 
PC»PC+l NEXf 
I.EXECWflON »EXf 
RUM) I 



4 IKSfRUGTlOU SET AMD ISSfRUCTION EXEC«TIOH PROCESS 

I.EXECUTIOn J* C 

VMA»IR<l3l3S>? LASf^PC NEXf 
EA NEXT 

E«VMA<l8t35> KEXT 
I.SEf)? 



4080,2040,2060 ENGINEERING rUMCTIONAL SPEC - CHAP 2,47 PAGE I' 
ISP DESCRIPflON OF P0P*6, KA, KI, Ki. PROCESSORS 



I INSfRUCf lOM SET 



I.SEf js C 



Cir OPCODE EOt #000 »> MUUO)? J MIIUO 



(IF (OPCODE GEO tOOU AND (OPCODE IiEQ 1037) «> 
(If P0Pe «> MUUO); 

(IF KAtO OR KIIQ OR KWO OR UMICORW *> 
Mt401<0|8>.OPCOei| 
MU0]«9il7>»Oj 
M,C40Hii.J35»»l? 
IR.MI4I3 »IXf 
I, EXEC Uf I ON))! 



I hum 



(IF (OPCODE OEQ #040) AND (OPCO0E l-EQ #077) »> M(JUO)s I 
MUUO 



(IF OPCODE Eai #100 »> MUWO)| J UJiN 



(IF OPCODE EQi* #ioi s> Mwuo) j i mm 



(IF OPCODE EQI, #102 «> MUW0)J » MUUO 



(IF OPCODE EQL 1103 »> MUWO) J IMOdO 



(If OPCODE EOI* #104 S> MU003I | aS¥S 
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(ir OPCODE Eai, ii OS *> i Aoasp 

(IF PDP§ OR KAIO OR KHO »> M0UO)j 

(IF Kl,10 OR UNICORN »> 

f EMP<OI 17>,AC tAJXOS 17>4-E> 
fEMP<l8l35>^ACtA3<18l35>*E NEXT 
(If ACCAJ<0> Zah fIMP<0> 9> ACEA]»fEMP)| 
(IF ACtA3<0> nm TEMP<0> »> fRAP,2»l))3? 



(IF OPCODE EQh #106 »> MUUOJl 



I MUUO 



(ir OPCODE EQh #107 a> mvo) t 



I nmo 
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J DO«BI*E PRECISION FLOATIMG POINT 

Cir OPCODE EOt 1110 *> i DFAD 
CIF PDP6 QR KAiO »> MUU03 j 
Cir KIIO OR KWO OR UNICORN => 

TEMP^MEEJ? 

TEMPt»MlE+i3 NEXT 

UNPACK NEXT 

EXPl.eXPl + U 

FIiT, RIGHT, SHIFT NEXT 

SWAP? 

TEMP^ACIAJ ? 

TEHPUACIA+U NEXT 

0MPACK NEXT 

EXPi^EXPl+l| . 

ri,T,RlGHT, SHIFT NEXT 

AIilGN NEXT 

MANl^MA»lfMAM2 NEXT 

NORMALIZE NEXT 

ROUND NEXT 

PACK NEXT 

AC|AJ,pTEMPj 

AC t A* 1 J. TEMPI))? 



(ir OPCODE EQL fill »> 1 DFSB 

CIF PQm OR KAIO s> M0UO)| 
(If KIlO OR KLIO OR UNICORN »> 

TEMP^tEJj 

TEMPUM(E+IJ NEXT 

UNPACK NEXT 

EXPl^EXPltlf 

ri.T, RIGHT, SHIFT NEXT 

S«APj 

TEMP»ACIA]| 

TgMPl«ACtA+lJ NEXT 

UNPACK NEXT 

EXPWEXPl+lf 

FIiT.RIGHT.SHIFf NEXT 

Al*IGM NEXT 

«ANWMA»1-«MA»2 NEXT 

NORiAl,IZE NEXT 

ROUND NEXT 

PACK NEXT 

ACCAJ^TEMPi 

AC|A+iJ*.TEMPl))| 



(IF OPCODE Eai< #112 s> 1 DFMP 
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(If PCP6 OR KAIO *> MUU0)J 
(IF KliO OR KLIO OR UllIC0R« «> 

TEMP^XEJ? 

flMPl«MlE^l3 MEXT 

UNPACK MEXf 

SWAP J 

fEMP.ACCA]; 

TEMPUACtA + ll NEXT 

UNPACK NEXT 

EXpl^EXPl4-EXP2r 

MAN1,*MAW1*MAK2 NEXT 

ROUND NEXT 

(IF Kl,lO OR UniCORM »> HORMAtlZE) HEXT 

PACK HEXT 

ACCA3*TEMpf 

ACtA+iJ.TE«Pl))| 



(IF OPCODE EQI. ill3 si» J Wm 

Cir PDP6 OR KAIO s> MUOO)| 
Cir KItO OR Kl,lO OR UNICORN a> 

TEMP^JltEil 

TEMPi^MtE*13 NEXT 

UNPACK NEXT 

S«AP| 

TEMP^CCAJ? 

TEMPUACCA+l] NEXT 

UNPACK NEXT 

EXPl^XPip'EXP2f 

MANI.MANI/MAN2 NEXT 

(IP KLIO OR UMICORN »> ROUMD NEXT 80RMAI.IZE) l«EIT 

PACK HEXT 

AC(A3*TEMPi 

ACtA+i3^EHPi))r 
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J DOUBI.E PRECISIOS JHfEGER 

(IF OPCODE EQL# 114 «> 10ADD 

(IF PDP6 OR KAIO OR KIJO »> MUUO)? 
(IF KhtO OR UNICORN «> 

MANl^AC CA3 iAC U*l 3 <1 S 35>*Mti3 §M |E*1 1 <1 1 3§> MEXf 

ACtA3.MANl<Ol3S>? 

AC [A+l J <0>»MAlil<0> I 

ACCA+13<ll35»«MA»i<F36lF7l>| 

SEf,FI,AGS))| I OVERFLOW, GR3f.0»CRy,irfRAP,l 



(IF OPCODE EOL «tl5 9> I QBUB 

(IF PDP§ OR KAIO OR HIO »> MUUO)| 
(IF KXtiO OR UNIGORM 'M^ 

MANI»ACCA3eAC(A+U<lJ35>-«tE3#MtE+l3<lJ35» NCXf 

AC£A3»MAMi<Ol35>| 

AC£A*U<0>«MAM1<Q>? 

AC£A+U<1S35>»MANI<P36SF7I>I 

SEf , Fl,A6S J 3 I I OVERFLOW , CRV , f CRY , 1 , TRAP, 1 



(IP OPCODE EQli #1U •> i DMUfc 

(IF PDpe OR KAIO OR KI10 •» Mll«03| 
(IF KHO OR UNICORN »» 

MANIAC CA3®AC(A+U<1 1 35>#«CEJfM(E+l3<lS3§> WEKf 

AClA3»MA»I«Ol35>| 

ACCA4.t3^ANl<F3&|F7|>| 

ACIA*23^AJI1<F72»F107>| 

ACCA+33»MANt<Fl08tFl43>? 

ACtA+13<0>»MAHl<0>? 

AC t A+23 <0>^AN1<0> I 

AC C A*3 3 <0>^AN I <0> t 

SET,FliAGS3J| i 0¥ERFIiOW,CR¥,0,CR¥,l»TRAP, 1 



(IF OPCODE mh #117 »> J DDIV 

(IF POP^ OR KAIO OR KIIO »> MUUO)| 
(IF KI^IO OR UNICORN -9> 

MASUACtA3iAClA4.1 J<1 l35>/MCE3fMtE»13<ll35> NEXT 

ACIA3^MAN1<Oj35>I 

ACCAti3<tl35SU«Aill<F36?F7t»? 

AC (A+ 43 <0>*^A«l<0>r 

SETtFI*AGS3)if i 

N6.DlVlDErOVERFl.0W,CRf,0,CRYa^TRAP.l 
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(IF OPCODE EQL #120 »> I DMOVE 
(IP PDP# OR KAIO «> MBUO)j 

(IF KIIO *> ACtAJ^MCei NEXT ACCA+U,,MtE+lJ)| 
(IF KfclO OR UKICORI* »> ACtAJ^CElj AC U+l J*MtE+lJ ) 3 ? 



(IF OPCODE EQI, #121 *> J DWVM 

(IF P0P6 OR KAIO m> MUWO)| 
(IP KIIO «> 

AClAJ^NO'r MCE3? 

AC(A+I]«,-MIE+U NEXT 

AC(A#J3<0»»0 NEXT 

(IF ACIA+I) EQI. «> ACtAl-AClAJ^m 

SET.FliAGSJl i OVERFLOW, CRY, 0#CRf,lifRAP, I 
(IF KlilO OR USICORN a> 

TEMP^MtEJ? 

TEMPl»Mti4lJ NEXT 

TEMPi<0>»0 NEXT 

(IF TEMPI EQJi •> fiMP«.TKMP+l) NEXT 

MtAJ-pTEMPj 

MtA+1] TEMPI t 

SET.FIiAGS))? I OVERFI,OW,CRt,0,CR¥,I,TRAP,l 



(IF OPCODE EQIjH 22 s> ! FIX 

(IF PDP6 OR KAIO »» MtfUOl 
(IF KIIO OR KlilO OR UMICORN S> 
TEMP^MCEJ NEXT 
UNPACK NEXT 

(IF EXP J 6TR 35 «> OVERFl,0W*U fRAP,i„l)| 
(IF EXPI hEQ 35 9> 
TE«P<0>.MANt<0>| 
TEMP<1>^MAN1<0>| 
TEMP<2>^AN1<0>J 
TEMP<3»*.MAN1<0>1 
TEMP<4>^ANi<0»i 
TEMP<5»^ANl<0>| 
TE«P<§>»MANI<0>j 
TEMP<7>«MANI<0>| 
fEMP<8>»MAMl<0>f 
TEMP<9l35>-«Afil<li27>l 
SC«»EXP1-27| 

(IF SC aTR »> 1EMP.TEHP *SI,0 SO? 
(IF SC l»SS s> 

(DECODE TEMP<0> »» 

Ti«P«TEMP •SRO SCI TEMP*TEMp "SRI SC)3 
ACtAl^TEMP)))! 
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(IF OPCODE iQL #123 »> I EXfENO 
(IF POP§ OR KAIO OR KIlO »> MUUO)| 
(IF KIilO OR UNICORM •> 

flMPr«A| 

EO.E NEXT 

IR.MtE03? 

VMA»IR<13|3S> NEXf 

EA NEXT 

Et^VMA<18|3S>f 

(IF A Eei< «> A^TEMPF NEXT EXT, INSTRUCMOM, SET); 

(IF A NEQ ■m> MtiUO)))r 



(IF OPCODE EQl* 1124 »> » DMOVEM 
(IF POPS OR KAIO •> MPUO)? 

(IF KltO »> MtE3^AC|A3 NEXT MCE+l J^ACiAtlJ ? FP0^O)f 
(IF KfctO OR UNICORN »> MEEJ^ACUn MtE+l l*ACIA+t3 ) ) ? 



(IF OPCODE EQI< #125 »» IDMOVNM 
(ir PDP6 OR KAiO »> MUUO)| 
(IF KIIO m> 

MCEJ«,ACCA3 NEXT 

MCEtll^j^ACCA+lJ NEXT 

MIE-UXO.O NEXT 

(IF MEE+lJ BOt s> MtBJ«MCE3-H)| 

SET , FlfAGS t I OVERFLOW , CRK . , CRt • 1 , TRAP , 1 

rPD»o)r 

(ir KLIO OR UNICORN 9> 
TEMP^ACUJf 
TEMPUACCA+IJ NEXT 
TEMPI<0>^0 NEXT 

(IF TEMPI EQI, 8> TEMP^fBMPtl) NEXT 
MCELTEMPl 
MlE-i-lJ,fEMPU 
SET.FiuAGSm i OVERF1.0W>CR¥,0,CR¥,l,TRAP,l 
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(IF OPCODE EQI. 1126 ■9> | FIXR 

(If PDPi OR KAIO »> M|»IO)| 
(IF KllO OR Kl.10 OR UKICORW »» 
TEMP*Mti3j 
TEMP 1.0 NEXT 
UNPACK «EXT 

(IF EXPl GTR 35 a> OVSRFLOW^ly TRAP.UDi 
(IF. BXPi I.EQ IS »>. 
TEMP<0>^AN1<0>J 
TEMP<1>^AN1<0>| 
TEMP<2>3AM1<0>? 
TEMP<3>js«ANl<0>| 
TEMP<4>«MA»1<0>| 
TEMP<5>»«AN1<0>| 
TEMP<i>^MAMl<0>J 
TEMP<7>^Af«l<0>i 
TEMP<8>,,MAMl<0>j 
TE«P<9s35>^ANi<Ii27>| 
TEMP 1.0? 
SC,EXPl»27l 

(IF SC (STR »> TEMP.TEMF •SLO SC3 f 
(IF SC I.SS »> 
FIXR s» (IF SC NEO ■m> 

(IF TEMP<0> NEO TEMP<35> s> TEHPl^D? 
TEMP.TEMP •SR TEMP<0»? 
SC*SC+1 MEXT 
FIXR) ) I 
AC C A 3.TEMP+TEMP 1 ) ) ) j 



(IF OPCODE EOL #127 «> JFI,TR 

(IF P0P6 OR KAIO «» MUUO)| 
(IF KIIO OR KUO OR UNICQRH »> 

MAWI<0t35>^tE]| 

MAN1<F36IF97>.0| 

EXPU27 NEXT 

NORMAfclXEj 

(IF MANI<0> EQU *> MASl<0l28>^AM|<0t28> + l)| { 

ROUMD 

(IF MAMt<0> EQl4 I s> MAMl<0s2i>.MANl<0S28>-U NEXT 

PACK NEXT 

ACtA]^fEMP>3j 



(IF OPCODE EQl. #130 *> i UFA 

(IF POPi OR UKICORM »> MW03? 
(IF KAIO OR KIIO OR Kl,l0 »> 

TEKP.MCU i 

TEMPUO NEXT 

UNPACK NEXT 
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EXPUUXPUlf 
FM.RIGHT, SHIFT NEXT 
SWAP? 

TEMP^ACUJ J 
TEMP UO NEXT 
UNPACK NEXT 

EXPl^EXPl-fU 
FLT.RIGHT.SHIFT NgXT 
AliiGN NEXT 
MANUMANI+MAN2 NEXT 
(IF MA»1<0> EOL I4ANI<|> »> 

EXPl*,i:XPl«l| 

FliT.tEFT, SHIFT) NEXT 
PACK NEXT 

ACtA+lI^TEMP))f 



(ir OPCODS SQL #131 s> I 0FN 
Cir P0P6 OR UNICORN »> MUU03? 
(IF KAIO OR KIIO OR KhlQ s> 
TEMP^CtAJ? 

TEMP1<U27>^MCEJ<9|35>? 
TEMP1<28I3S>»0 NEXT 
UNPACK NEXT 
MANU-MANi NEXT 
PACK NEXT 
ACCAJ^TEMPj 
MtEi<9l3S»»TEMPl<lj27>))| 



(IF OPCODE EQI, #132 «> » FSC 
(IF PDP6 »> MUU03I 

(IF KAIO OR KIIO OR KUO OR UNICORN p> 
(IF ACtAJ<9i35> EQi *> AC|Al,*0)i 
(IF ACIA}<9|3§» Nia »> 
TEMP^ACtAl? 
TEMPl^ NEXT 
UNPACK fJEXT 
EXPUfiXPlfE NEXT 

(IF lAlO OR KitO OR KfelO OR UNICORN 9> 
NORMAIiIZE) NEXT 
PACK NEXT 
ACCAJ»TEMP)m 
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I tXTE IMSmWCTIONS 

(IF OPCODE EOI, #133 *> { ISP 

(IF POP 6 «> mm}t 

(If KAIO OR KItO OR ((KLlO OR II8ICORN3 AND (A EQI, 0)) 

w> 

B¥fE,PTR«MtE3 NEXf 
INCREMENT.BITE, POINTER NEXT 
MtEl^YTE.PfR)! 
(IF (KljiO OR UNICORN) AMD (A NEO 0) «> 
ByTE,PTR«MtEl; 
TBMPUACUJ HEXT 
ADJUST, SYTE, POINTER NEXT 
ACCA].ilfTE,PTR)n 



(IF OPCODE EQI, #134 9> I IJbDB 

(IF POP& «> MUUO)j 
(IF KAIO OR KIIO OR ICIilO OR UNICORN «> 

B¥fE,PTR.«CS] NEXT 

INCREMENT. B¥TE. POINTER MEXT 

MlEi^BYTE.PTR NEXT 

LOAD, BYTE NEXT 

ACEAJ^S? 

FPO^Oj)? 



(If OPCODE EQL 1135 8> i LOB 

( IF POPS m> mm) ? 

(IF KAIO OR KIIO OR KI.10 OR UNICORN »» 
BffE,PTR»M£EJ NEXT 
I^OAO.BYTE NEXT 
ACtAJ^? 
FPD»0))| 



(IF OPCODE EOL 1136 »> | IDPB 
(IF PDP6 «> MO0O)? 

(IF KAIO OR KIIO OR KI,10 OR UNICORN W> 
8yfE,PTR,MlEJ NEXT 
INCREMENT, BYTE ♦POINfER NEXT 
, MI-EJ,«ByTE,PTR NEXT 
D«ACtA3 NEXT 
DEPOSIT, BYTE I 
FP0«O))| 
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(If OPCODE EQL #117 »> I DPB 
(IF PDP6 »> MtJUO); 
(IF KAIO OR KIIO OR KfcIO OR UMICORN »> 

B¥TE,PTR»MtE] NEXf 

0.ACIA1 NEXT 

0EP0SIT,8tTE| 

FPD.O))? 



t08O,204Q#206O ENOINEERING rUNCTIOKAL SPEC • CHAP 2,J7 PAGE 25 
ISP DESCRIPTION OF PDP*6, KA, KI, Kli PROCESSORS 

J SINGI.E PRECISION FLOAfING POINT 

(IF (OPCODE GEO #140) AlO (OPCOOE liEQ #177) »> 
(DECODE 0PC00E<&S8> «> 
TEMF^MCEll 
((IF PDP6 OR KAIO OR KHO OR KHO »> TE«P»MtE3)| 

(ir UNICORN •> KUUO)) I 
TEMP«»MtE|| 
TEMP^HtEJI? 
TEMP^MtEJl 
( ( I r PDP6 9> TEMP.M I E 3 ) ; 

(IF KAIO OR KIIO OR KIiIO PR UNICORM s> 
TEW<0tl7>»ErTEMP<ias3S>.0))| 
flMP^CEll 
TEMP^EE])! 
TEMP 1^0 MEXT 
UNPACK iEXf 
SWAP NEXT 
TEHP^CIAJ? 
TEMPl^O NEXT 
UUPACK NEXT 
(CECODE OPCODE<4t5> •> 
(A1*XGN NEXT i FAD* 

MAN1-MAIII+MAM2 NEXT 

(IF MANI<0> MEQ MANi<8> »> FfcT. RIGHT, S«IFT) 
NEXT 
PACK)? 
(ALIGN NEXT i FSB» 

MANI,»MAN1-MAN2 NEXT 

(IF MANKO NEQMANl<8> a> FliT, RIGHT, SHIFT) 

NEXT- 
PACK) ; 
(MA»U^ANl*MAN2r J FMP- 

EXPLEXPl^EXpa NEXT 

PACK) J 
(MANt»MANi/MAN2| J FDV- 

EXP1»EXP1»EXP2 NEXT 

PACK)) NEXT 
(DECOOE 0PCGDE<61 8> *» 

(MORMALiaiE NEXT | - 

PACK NEXT 

ACCA3»TEMP)| 
WNGf 1 -L 

(NORMALIZE NEXT J -M 

PACK I 

MIE3^TE«P)| 
(NORMALIZE NEXT i -B 

PACK NEXT 

AC(A]„TEMP| 

«(E3.TEMP)J 
(NORMALIZE NEXT | •« 

ROUND NEXT 

PACK NEXT 
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ACtAJ^TEMP)? 
(MORMAWZE NEXT I mRl 

ROUND NEXT 

(IF PDP6 »> LONG); 

(IF KAIO OR KtJO OR ICLIO B> PACK NEXT 

ACfAJ^TgMP))! 
(NORMALIZE NEXT i -RM 

HOUND NEXT 

PACK NEXT 

M{EJ,TEMP)| 
(NORMAI*IZE? J •RB 

ROUND NEXT 

PACK NEXT 

AC(A3«fEMP| 

MtEJ*fE«P)))| 
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i MOVE GROUP 

(ir (OPCODE GEQ 1200) km COPCOOE 1*80 #217) »> 
(DECODE 0PC0DE<7|8> •> 
S^MCEJf I • 

S.ACCA3? i *M 

aj4CE|) NEXT I •§ 
{DECODE 0PC0DE<St6> »> 

D,SI I MOVE* 

(D<Oll7>»S<188aS>i P<18|35>«S<0J17>)? i MOVS* 

(D^»S NEXT I mm" 

SET,ri«A6S)? I OVERFl.OW,CR¥t0,CR¥,l,TRAP,l 

(DECODE S<0> »> 0«SJ D*,»S) NEXT I MOVH« 

SET , FLAGS ) > } VERF iiOW , CRT, 1 , TRAP , I 
(DECODE 0PC0DE<7 I 8>w> 

AC[AJ«D| I • 

ACCA3,»0| 1 •! 

MCE3,0? 1 *M 

CM(E]^D| (IF A NEQ a» ACtA3»S))))| i -S 
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I MUtfIPl*fA»0 DIVIDE 

(IF (OPCODE GEO #220) AND (OPCODE liEQ #223) «> I IMUl, 

MAlll<O|i7>«0f 
MANl<18l3S>«ACtAJ NEXT 

(IF KAlO »> (tr ACtAJ EQl, #400000000000 »> 
MANl<i8!35>«#t7777777777))f 
MAN2<0|17>.MCEJ? 
MAN2<18l3S>»0 KEXf 
(IF (MAN1<18J35> EQL #400000000000) 

AND (MAN2<0|17> EQi #400000000000) *» 
D^IN,2,fO,70| 
OVERFLOW^ll 
TRAP, 1*1) I 
(IF tMAl«l<18l3S> NEQ #400000000000) OR 
(MA}i2<0Sl7> NEO #400000000000) s> 
MANi«MANl*MAII2 NEXT 
TEMP«0>«MA!«i<0>j 
TEMP<U3S>^ANl<F36SF71>r 
(DECODE 0PC00E<7 I 8> B> 
ACtAJ.TiMPj 1 • 

ACtA]^TEMPj I ml 

MCBUtEMPj - » -M 

( AC U J^TEMP I M tE Uf EMP) ) ) ) j I .g 



(IF (OPCODE GEQ #224) AND (OPCODE 1*10 1227) «> 1 mh 

MA*lt<0|l7>^0> 
MAMl<18S35>»ACCA3 MfiXf 

(IF KAIO ?!> (IF ACIAJ BQh #400000000000 «> 
MANl<18t35>,»77777777777))f 
MAM2<Ojl7>^tE3? 
«A»2<18?3S>^*.0 NEXT 
(IF (MANl<18t35> EQl, #400000000000) 

AMD (lfAN2<OU7> EQI* #400000000000) m> 
0«MIN,2.TO,70; 
OVERFI,0«»l; 
TRAP.UDf 
(IF (MANl<18835> NEQ #4000000000003 OR 
(MAH2<0U7> NEQ #400000000000) S> 
MANI*MAN1#MAN2 NEXT 
TEMP<0>»MA!«1<0>J 
TEMP<1S35»^ANI<18 35>| 
(DECODE 0PC0DE<7 I 8> »> 
AC lA 3 -TEMP? I • 

ACIAl^TEMPf I ml 

M(E3^1MP| J .M 

( AC i A 3, TEMP I M(£3«TEMP))))| J •& 
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(IF (OPCODE GEO #230) AND (OPCOBE I#EG 1233) »> i lOIV 
MAMl<0|17>.0j 
MAKl<l8t35».ACtA3 NEXT 

(IF KAIO •> CIF ACtAJ Eai. #400000000000 »> 
MAHl<i8S35>»i77777777777)3| 
MAI42<Osi7»^MtiJ| 
HAN2<188 35>»0 NEXT 
(IF CMAJiJl<18t35> EQI. #400000000000) 

AW (MAN2«0U7> EQli #400000000000) »> 
0«MIN.2,fO,7O? 
OVERFl,OW»l i 
TRAP, 1^1); 
CIF (MA1»1<18J35> MEQ #400000000000) OR (MAJI2<0U7> HEQ 
#400000000000) 9> 
MAN1.MAKI/MAN2 MEXT 
TEMP<0>JMANI<0>? 
TEMP<1J35>»MASI<F36|F7I>| 
(DECODE OPCODE<7?8> >> 
ACtAJwTBMP; i - 
ACtA1»TBMP| J •! 
MCE3*fEMP| I -M 
CACIAJ.TEMPj MCEJ.TEMP))))? i -S 



(If (OPCODE GEO #234) AND (OPCODE LEQ #237) »> « OIV 
HANl<0ll7>«0» 
MAN1<18S35>»ACU1 NEXT 

(IF fCAlO »> (IF ACtAJ EOfe #400000000000 s» 
MANI<18I35>»#77777777777))| 
MAII2<0|17>^tEJr 
MAN2<18I35>.0 NEXT 
(IF CMAN1<18I35> Bail #400000000000) 

AND (MAJI2<0st7> ESI, #400000000000) s> 

D^MIN,2,T0,70| 

0VERFI,0W«I f 

TRAP 1 1 ) I 
(IF (MANl<i8J3S> NEQ #400000000000) OR CMAN2<0J17> NEQ 

#400000000000) «> 

HANl»MANI/MAN2 NEXT 

TEMP<0>.MANi<0>| 

TEMP<ll35>»MANl<F36lF71>; 

(DECODE OPCO0E<7l8>«> 



ACtAj^fEHPi I • 

ACtAJ^TEMPl I -I 

MtELfEMPf I -« 

CACtA)»TEMP| I«CE1*.TEMP))))| J -S 
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i SHXFIS, ROTAffiS AND COUNfS 

I ••— •.»,,^.,.,^,,,.,,.,,^ 

(IF OPCODE EQI, #240 •> 1 ASH 
SHI FT, COUNT NEXT 
(IF SC GfR »> 
ASHI. |« (IF SC NBQ •> 

(IF ACCA3<0> NEQ ACtAl<l> »> 0VERrLO«»l| 

TRApa-nr 

ACCA]<l|3S>«ACtAjCU3S> *SI.O ly 

SC*SC*l HiXf 

ASHl,)3)f 

tIF SC LSS »> 
A5HR j» (IF SC NEO *> 

ACCAJ^CIA] "SR ACIA3<0>J 

SC^Ctl NEXT 

ASHR)))J 



(IF OPCODE mh #241 *> I ROT 

SHIFT, COUHT NEXT 

(IF SC GTR »> ACCAJ^ACCAJ *Rt SO? 
(IF SC LSS m> ACCAj«ACtA3 *RR SO) J 



(IF OPCODE EQI, #242 »> I l*SH 
SHIFT, COUWT NEXT 

(IF SC GTR m> ACtAJ,ACCAj •SliO 5C3j 
(IF SC I.SS s> ACtAUACCAJ "SRO SOU 



(IF OPCODE EQL #243 »> J JFFO 

(IF PDpe »> mm)i 

(IF KAIO OR KIIO OR KLIO OR UNICORN «> 
TEMP^ACiAl f 
AC t A* I 3-0 NEXT 
arFOl.OOP «■ (IF TEMP<0> EOI. *> 

ACtA+lJ^CU+lJ-Hf 
TEMP^TEMP *SL NEXT 
JFF01.00P3I 
(IF ACtA3 MEa S> PC,E))3| 



(IF OPCODE iQl* #244 «> | ASHC 
SHIFT, COUNT NEXT 
CIF SC GTR •> 
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NEO TEMP<1> 5S> OVERrLaW»l| 

AC£A+13<1>? 
*SIj 0} 






ASHCl. m (ir SC MEQ »> 

(IF TBMP<0> 

f RAP . 1.1 ) I 

AC E hi < 1 1 35 >.AC t A 3 < 1 1 3 5 > 

AC C A+l ] <0>„AC £ A3 <0>| 

AC CA+13<1 J 35>,,AC lAtl }<1 1 35> 

SCwSC*! NEXf 

ASHCI())| 
(IF SC l*SS «> 
ASHCR ?» (IF SC NEC «» 

ACCA3<ll3S>^CtA3<U35> *5R ACtAJ<0>| 

AC CA+l 3 <0>.ACtAJ <©> I 

ACI A+1 3 <t 1 35>*AC I A*13 <1 1 35> 

SC*.SC+l NEXf 

ASHCR) ) ) f 



•SR ACCA3<3§>| 



(IF OPCOPE EQl, #245 9> 1 ROfC 

SHIFT, COUMTj 

TEKP.Ac£A3y fEMPl.AClA+1 J »EXT 

(IP SC GTR «> 

AG[A3«(£TEMPgTEMPl) •Rl. SC)<71l3§>| 
ACtAtl3»{(TEMPiTEMPU *Rli SC)<3S|0>}? 

(If SC liSS «» 

ACtAI»((TEMPiTEMPl3 "RR SC)<7ll36>| 
ACtA+i3»CCTSMPeTlMPl3 ^RR SC)<3SsO>3)| 



(IF OPCODE EQli #246 t> i I,SHC 

SHIFT, COUNT? 

TEMP^CtA3| TEMPi^ACtAtl] NEXT 

(IF SC OTR »> 

AC|A3^(tTEMPtTEMPl) *SI-0 SC)<71l3&>J 
ACtA"«.l3«((TEMPfTEMPl) -"SLO SC)<35J0>)| 

(IF SC hSB »> 

AC CA3«((TEMPf TEMPI )*SRO SC3<71t36>f 
AC ( A*i 3»( (TE«P»TEMP1 ) "SRO SC )<3S 1 0» 3 | 



(IP OPCOOE EQli #247 »> MOPH 



i UNASSiaSED 
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i msc 

(IF OPCODE EQI. #250 »> ACtAJ^CiJl MCEJ^CUn? I EXCH 



(IF OPCODE mh #251 «> I Bhf 

SA^CCA3<Oll7>? 0A^ACXAJ<18!3S> NEXT 
ai»0(JPS» (MEDAJ,^CSA]? 

SA^SA+U DA*DA+1 NEXT 

(IF DA hSS (E+U s> BLTWOP)) NEXT 

FP0..O)? I ACtAJ UNCHANGED IF NO INTERRUPTS 



(IF OPCODE EOL #2S2 «> { AOBJP 

(IF Pt)P6 OR KAIO »> ACtAJ«ACIA]+ilOOOOOi3j 
(IF KIIO OR KI.10 OR UNICORN »> 
ACtAI<Osi7>,AC[Aj«0?l7>+l| 
ACCA3<18US>«ACtA3<i8s35>+l) NEXT 
(IF ACtAJ <0> EQLO 3> PC»E3)f 



(IF OPCODE EQI, #253 •> i AOBJN 

(IF PDP& OR KAIO »» ACtAJ^CCAHltOOOOOUl 
(IF KIIO OR Kl»lO OR UNICORN !.> 

ACtA|<0il7>«.ACtAj<0ll7>+l? 

AC t A3 < 18 |35>^AC CA] <18 ? 3§>+U NEXT 
(IF ACIA3<0> EQt, 1 *> PC»E)Jr 



(IF OPCODE mh #254 i?> I tlRST 
(IF P0P6 OR KAIO OR KIIO »> 
(IF F<9> EQt I »> MUU03f 
(IF F<10> EQL I •> MUUO)| 
(IF F<11> sat 1 -m> aRSTF)! 
(IF F<J2> Eat. 1 »> PORTAL))? 
(IF KLIO «> (DECODE F »> 
PC^El 
PORTAL I 
aRSTFf 
MUUO; 
MUUOi 
MUUO I 

MUUO I 
MUUO? 
MUUO I 
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MUUOf 
MUOOf 
MUUOy 
MUUOj 
MUUOf 



PORTAl, |» ( 

(IF PDp6 OR KAIO OK UNICQRN »> USER^D? 

(IF KIlO OR K|,10 »> (IF P EQi:. «> PUBtlCi^O) ) ) | 

aRSTF !» C 

PC , WORD<0| 4>»M«iASTJ <0 1 4>| 

CIF Mtl.ASTJ<5> mh 1 »> USER^U; 

COICOOE MCl4ASTJ<6> «> 

USER.IO^Oj C IF USER mh •> tlSER.IO^i))? 
PC,WQRD<7U2>«M|l.ASfJ<7si2»? 



(IF OPCOOE EQl. #255 9> I JFCI. 

TEMPF^F AND PC,WORi><0|3>r 
PC,WORD<0«3>.(NOf F) AND PC,WORD<0t 3>| 
(IF TEHPF nm »> WCJE}}t 



(IF OPCODE EQL #256 ?> IR^MIEJ NEXT I,EXECUtION)| i XCf 



(IF OPCODE iai, 1257 m> I MAP 

(IF PDP6 OR KAiO OR KtlO OR UNICORH s» MUUO)? 
(IF KllO 3> 

ACCA3<Oll7>wO| 

ACtA3<l0>^PAGE.FAIIiUREf 

ACtA3<l9>^| 

ACtA3<20>»»? 

ACtAJ<2t>^| 

ACtA3<22>.I80.MAfCH| 

AC CA3<23j35>^PHySICAl., PAGE. ADDRESS))? 
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1 PROCEDURE LINKAGE 

J ,,♦.....,,»*.»,.*,„ 

(IF OPCODE EQL #260 »> I PUSHJ 

(IF P0P6 OR KA10 »> ACtA3»AC£AJ+#iQ0000l)| 
(IF KIIO OR KlilO OR UNICORN m> 

ACtAl<0|17>^CIAH0U7>+l| 

ACtA}<18s3§>«ACiA3<J8M5>*t)? 
rpP.O f AF 1.0 ? TR AP , 1,01 TRAP , 2*0 N EX T 
( IF AC CA3 <0 J J 7> EQI. a> TRAP , 2.1 ) j 
VMA^CtA3<l8f3S> NEXT 
MEVMAJ^PCiORO? 
PC^)J 



CIF OPCODE mtt $2H 9> I PUSH 

(IF PDP6 OR ICAIO »> ACCAJ^CtA3+#100000l)j 

Cir KltO OR KLIO OR UNICORN «> 
ACtA3<OJl7>^CtAJ<OU7>+l| 
ACCA]<t0l3S>.ACtAJ<i8j35>+l) NEXT 

(IF ACtA)<0tl7> EftL »> fRAP,2^13j 

VMA»ACCAJ<18S35» NEXT 

MtVMA3^MCE3)l 



(IF OPCODE EQL #2i2 »> i POP 

SP«,ACtAj NEXT 
VMA^SP<J8 8 35> NEXT 
TEMP«MfSP3 NEXT 

(IF PDP§ OR KAIO »» SP*iSP-#lOOOQ013? 
(IF KIIO OR KUO OR UNICORN «> 

SP<0S17>»SP<0|17>«1? 

SP<l8i35>»SP<l8s35>*l)J 
(IF PDP§ OR KtlO OR UNICORN 5^ MtE3»TEMp NEXT 
ACtAJ^SP)! 

(IF KAJO OR KIIO »> ACIA3.SP NEXT MCE3»TEMP)f 
(IF SP EQL -I 8> fRAP,2»l))| 



(IF OPCODE EQL #263 «> T POPJ 

(IF P0P6 OR KAiO a> AC tA3»ACCA3»ilOOOOOl) | 

(IF KIIO OR ICLIO OR UNICORN »> 
AClA3<Oll7>«^ClAi<OU7>plf 
ACtA3<l8l35>*AC£A3<i8j35>»U| 

FPD»0 1 AFI»0 S TRAP , UO | TRAP , 2^0 NEXT 

(IF AC C A3 <0 ttl> EQth -1 P> TRAP , 2.1 ) ? 

VMA«AC£A3<i8l3S>-t NEXT 

PC*llt¥MA3)r 
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(IF OPCODE EOI, 1264 8> I JSR 

PPD.Oi AFI^Oi fRAP.l^Ol TRAP, 2.0 HEXT 
M[E3»PC»»0R0f 

PC-E+l); 



(IF OPCODE EQi #26S «> I aSP 

FPO^Oj AFI.O? fRAP.UOj f RAP. 2*0 NEXT 

ACCAl,»PC,WORDf 

PC,*.E) f ■ ■ 



(IF OPCODE EOIi# 266 »> I JSA 

MlEj^ClAJl 

ACCAJ<0n7>«E; AC£AJ<t8s3S>-PCl 
PC^ltU? 



(IF OPCODE EQI, #2&7 s> | JRA 

VMA^ACCAJ<0M7> NEXT 
ACCAUMtVMAJi 

pc*j:)? 
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I SINGl*i PRECISION iUfBGER ARIfHMETIC 

JL •■ (■' ^m ^f- ^ff •?■ SIP* ^f ^i tut W^ ^PS Wf^ w^ '^^ •► Wp 'SB *^ flP' Wf 9lf ^PP f^ ^P 'III'' ^P ^#' HP flP -"•^ J||R ^1 



Cir (OPCODE Gea #270) AIID (opcode LEQ #27?) »> 
(DECODE QPCQDE<7 J e>3> 

S«M tEl f I • 

S»E| I -I 

S«MlElf i •« 

S«MiE3J MiXf I "B 

(DECODE OPCODE<§> B> D^CtAJ^SJ D«ACCA3»S) HEXf 1 ADD, 
SUi 

SET.FWGSj I OVIRrLOi,CRf,0,CR¥.lfTRAP,l 

(DECODE 0PC0DE<7I8> »> 

ACtA3,Dj I • 

ACEAl^O; i •! 

MtEJ^I J -M 

(ACUJ,^; MfE}.D)3)j 1 •» 
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I ARITHMETIC TESTING 

Ctr (OPCODE 6EQ 1300) AND (OPCODE l.Ea #377) s> 
(DECODE 0PC0DE<3S5>»> 

(TCMP^ACCAJ-E NEXT SKIP, TEST)? i CAI» 
(TEMP^ACCAl»MtEJ NEXT SKIP,TEST)| I CAM- 
CTEMP^ACtAl NiXT aUMP.TEST) ; I J0MP- 
(TEMP.MtE3j I SKIP- 

(IF A NEQ ■> ACIAl^MtEJ) NEXT SKIP, TEST) I 
(ACtAJ,^CtA)+l NEXT t AOJ- 

SET,ri,AaS| i OVERFI,OW,CRy.O,CR¥,l,TRAP,l 

TEMP^ACIAJ NEXT JUMP.TEST)? 
tMfE)«M[E3+l NEXT i AOS* 

CIF A NEO »> ACtA],MCEj) NEXT 

SETtFiiAGS? I OVERFl.OW,CRl,0,CRf.l»TRAP,l 

TEMP«M£E1 NEXT SKIP.TgST); 
CACCA3^AC£Al»l NEXT I SOJ* 

SET,FliAGS| I OVERFWW,CR¥,0,CR¥,lfTRAP,I 

TEMP^ACIAJ NEXT JUMP, TEST) J 
CMtEI«*MIE3«J NEXT J SOS- 

( IF A NEQ *> ACtA3.M£E3) NEXT 

SET,EI.AOSf I OVERriiOW,CRr,0#CRY,l,TRAP,l 

TEMP.M CEJ NEXT SKIP .TEST) ) ) J 



SKIP, TEST s» ( 

(DECODE 0PC0DE<6j8> «> 

NOP I I • 

(IF TEMP itSS »> PC^PC^DI J -I. 

(IF TEMP Eat. »> PC.PC+1),' i -E 

(IF TEMP 1,10 »> PC^CtUl i ^m 

PC^C+Ji I -A 

(IF TEMP GEfl »> PC,PC+l)| J .GE 

(IF TEMP NEQ «> PCjPC+Dl i •» 

(IF TEMP GTR »> PC«^C+1)))| i -G 



JUMP, TEST IS ( 

(DECODE 0PC0DE<i|8> W>. 
NOPI i • 

(IF TEMP I,SS »> PC«E)r t -k 

(IF TEMP mh »> PC^E)| i •£ 

(IF TEMP hEQ »> PC^E) | J *i.E 

■ PC««E } ■ 1 "A 

(IF TEMP GEO ss> PC^fi) I { •&£ 

(IF TEMP NEQ m> PC«E)f I •« 

(IF TEMP GTR »> PCJE)))? i -G 
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I I.OSICAL 

J mm mm v * <*■ 



(IF (OPCODE GEO #400) AMO (OPCODE IiEQ #477) »> 
(DECODE OPCOOE<7j8> m> 
D*MtEH i • 

D«E? I -I 

0-MlEJ? I 'M 

D^MtEJ) NEXT I •» 

(DECODE aPC00B<3t6> «> 
D^O? i SEfZ 

D^CU] AND Dj 1 AND 

D»{NOf ACCA3) AND D? J AKDCA 

NOPI i SEfH 

D^CCAJ AND (NOT D) J J ANDCM 

D«ACtAJ| J SETA 

D^CCAJ XOR D! 1 XOR 

d^ccaj or Dj I IOR 

D^NOT (ACtA] OR 0)1 1 ANDC8 
D»ACCA] EaV Dl i EQV 
D^OT AC CA) t I SETCA 

0«(NOf ACIAJ) OR Of I ORCA 
D^NOf Ol I SETCM 
D.ACCAJ OR (NOT D)j 1 ORCM 
D«^OT (ACUJ AND D)f i ORC» 
D»#7777777777773 MEXT i SEfO 
(OECOOE 0PC0DE<7lS> »> 
ACtAj^D; I * 
ACtAI^O; • -I 
MCE3.DI 1 •« 
(ACCAJ^Di M£EJ«0))3| I *B 
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i HAt.r WORD 

(IF (OPCODE (SEQ #500) AND (OPCODE hEQ f§77) «> 
CDECODB OPCODE<7S8> »> 

(S^tE3| D^ACtA})? i • 

CS*^? D^CiA])? I ml 

CS^CUJl D^MCEJ); i -M 

(8*MCE3l D^MIE])) «EXT I •§ 
COECODE OPCO»E<3>iOPC0DE<6> *> 

D<0M7»^<0H7>| 

0<0|17>^<18S35>| 

D<t8j3S>^,S<i8s3S>r 

D<l8t35>«S<0?i7>) NEXT 
(DECODE 0FC0DE<4IS> s> 

(DECODE 0PC0DE<3> »> fEMP«D<18t35>l lEMp^D<0jl7>)| 

i ■ • ■ 

fEMP^O; i «Z 

fEMp«.i777777| i *0 

(DECODE S<0>»> TEMP^Oi TEMf,#7777?77) ) NEXT I -B 
(DECODE 0PC0DE<3> *> D<18s 35>,fEMP; D<0il7>^TEMP) ffEXI 
(DECODE OPCODE<7s8> m> 

ACtAl,,D; I • 

ACtAl^Dj i •! 

M:tE3..»0| I wM- 

(MtEUDj (IF A NEO »> ACU]«D))3)? } -S 
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i TEST, MODIFX ANO SKIP 

(IF (OPCODE GEQ #600) AND (OPCODE I»£Q #677) »> 
(DECODE OPCODE<5>©OPCODE<8> a> 
TEMP«EJ i •« 

(TEMP<0sl7>»Ey TEMP<l8t 35>»0)| J mi, 
TEMP^CBJl I'D 

tlEMp<OU7>^[E3<18l35>| TEHP*18l35>«MCEJ<0tl7>>) 
NEXT I -S 
(DECODE OPCODE<6i7> »> 

NOP? i - 

(IF (AC UJ AND TEMP) EOL »> PC.PC+1)? I -g 

PC'''PC+1i 1 *A 

(IF (AC (A3 AND TEMP) HEQ s> PCs^C + D) NEXT J -» 
( DECODE OPCODE< 3 1 4> 1> 
NOPI i -N 

ACCAJ^ACIAJ kUD (NOT TiMP)? t •Z 
ACtAJ^ACtAl XOR lEMPf i -C 
ACtA3.ACCAJ OR TEMP))? i -0 
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J INPOT/OHTPUT AND PROCESSOR DEPENDElilT OPERATIONS 

(IF (OPCOOE GEQ #700} AND (OPCODE I^EQ #777) si> MUUO) 

)| i END I, SET 
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i EXTENDED INSfRUCTION SET 



CXf.I.SET 19 ( 



C IF OPCODE EQl, tOQO s> MUUO) | 



J UNDEFINED 



TERMINATE 
SEliECf 



(IF OPCODE &Qh 1004 m> » EDIT 

SRC, SETUP NEXT 
EWOPSB GET, PATTERN,ByTE NEXT 

UPDATE, PATTERN, ADDRESS NEXT 
(DECODE PATTERN<0I2> S» 

(IF PATlERN<3|i> EOt, #00 »> EEND)| 
(IF PATfERN<3i8> EQt* iOI »> 
8ITE,PTR«ACtA+13 NEXT 
INCREMENT, BYTE.PTR NEXT 
ACCA-HJ^YTEfPTR NEXT 
IiOAD,BlffE NEXT 
TRANSI^ATE NEXT 

8yTE,PTR*ACtA+4J NEXT 

INCREMENT, BYTE.PTR NEXT 

ACCA+4J^lXTE,PfR NEXT 

DEPOSiT,B¥TE)| 
(IF PATTERN«i|8> EQI. #02 s> 

START 

(IF AC£A3<0> EQI^ 9> AeCAJ<0>^UJ 

(IF ACIAJ<0> EQI. I «> 
AC CA4.33.AC tA+43 1 
PATTERN<3J8>»I NEXT 
l<OA0,MSG,CHARJ)y 
CIF PATTERN<3|8J» EQl* #03 »> ACCA3<0|2>»»OOO)r J 
FIEJ^D SEPARATOR 
(IF PATTERN<3?8> EQl* 104 *» I EXCHANGE 

MARKER 

VMA»ACtA+3J<18l35> NEXT 

ACtA*4J«MlVMAJ i MtV»A3.AC|A+4J ) | 

fPAfTERN<3t8> GEO #05) AND CPATTERN<3J8> 



i SIGNIFICANCE 



(IF 

£*1Q #77) s> NOP))f 
iQAD,MSG,CHAR| 
NOP; i 2XX 
NOP? I 3XX 
NOP? I 4XX 
(IF ACtA3«2> Eai, i 
IF M 

(IF ACtAj<t> Eai* i 
IF N 

SKIP, PATTERN) NEXT 
EI*OOP NEXT 



J MESSAGE CHAR 



»> SKIP, PATTERN) I 
»> SKIP, PATTERN) I 
I SKIP PATTERN ALWAYS 



I SKIP 

i SKIP 



1080,2040,2060 ENGINEERINa FUNCTIONAL SPEC • CHAP 2.17 
ISP DESCRIPTION OF P0P»6, KA, Ki, KL PROCESSORS 



PAGE 43 



lEND js PC^C+l)| 



(OPCODE EQl. »002J i CMP- 

OR (OPCODE EQL #0OS) 

OR C OPCODE EQL #001 J »> 

NEXT 

0) AND CAClAt33<9!3S> mh 0) »> 



(IF (OPCODE EQL #001) OR 

OR (OPCODE EQL i003) 

OR (OPCODE EQL #006) 

SRC.SEfUPj OSTrSETWP 

CLOOPJ* (IF CACIAJ<9I35> EQL 

GOMPDONE) NEXT 
(IF ACEAJ<9l3S> EQL m> 

POS^Oj 

SiZE«ACtAtIJ<6stl>| 

8fTE,PfR<l2ll7»^0| 

»ffE,PTR<18i3S>^0+i NEXT 

LOAD, BYTE) I 
(IF AC£AJ<9J35> NEQ »> GBT.SRC.iyfE) NEXT 
■TEMP^j ■ ■' - 
(IF ACIA+31<9|3S> EQL »> 

POS^Of 

SlZE»ACtA+t3<6Sll>? 

»yfE,PfR<l2Jl7>.0| 

B1fTE,PTR<18i3S>gE0*2 NEXT 

LOAD, BYTE)? 
(IF AC(A+3]<9i3S> NEQ 9> 

B)fTE,PTR*ACU>4J NEXT 

IMCREMEIiT,B¥TE,PTR NEXT 

ACtA+4J»BlTE.PTR NEXT 

ACtAt3J<9f3§>^AC[A-l'3lX9!35>»l NEXT 

LOAD, BYTE) NEXT 
D.S| S*,TEMP NEXT 
(l&ECaOE OPeODE<6|8> »> 

NOP I 

D »> CMPSKPJi I CMPSL 
D »> CMPEN03I I CMPSE 
»> CMPSKPjj I CMPSLE 



LSS 
NEQ 
LEQ 



(IF S 
(IF S 
(IF S 
NOP? 

(IF S GEQ 

(IF S NEQ 

(IF S GTR 

CLOOPf 

COMPDONEjsdF OPCODE 

CMPSKPS3PC.PC+IJI 
C«PEN0t»NOP)j 






CMPSKP)? 
CMPSKP); 
CMPSKP)) 



NEXT 



CMPSGE 
CMPSN 



I CMPSG 



NEQ #002 *> GMPEND) NEXT 



(IF (OPCODE GEQ #010) AND (OPCODE LEQ #011) 
CONVBRf DECIMAL TO BINARY 
SRCSETJIP NEXT 
(DECODE AC tAHO>»> 
MANl<0ir70>^0j 
(MANl<0|3S>^C£A+4H0l3S>? 



m> NOP); i 
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MANl<F36*F70>«ACCAt53<lS35>) NEXT 
DBWOP J» (IF ACCAJ<9|3S> EOl. »> DbOONE) NBXf 

GET, SRC. BYTE NEXf 

CIF (S fcSS 0) OR (S GfR 9) «> DSERR) KEXT 

MANI<0|F70>«.(MAN1<0|F70>#10)+SJ 

AC£A3<9U5>»ACIAJ<9J|5>»1 NEXf 

DSliOOPr 
DBOONE ss (IF ACtA3<l> JiEQ «> MANI<0ir70>»»«AKl<0sF70> NEXf 

ACtA*4J<0s35>,MA»l<0r35>f 

ACtA+5J<0>^MAfil<0>; 

ACtA*$3<U3S>»MANl<F36ir70>)f 



(IF 



I 



(OPCODE GEO #012) A«0 COPCO&E I.EQ »0U) »> 

CONVERf ilNARy to DECIMAIi 

MANl<0s35>^CtA3<0l35>| 

MANi<F36JF70>.ACi:A+lJ<il35» NEXT 

(IF MANI<0> EOI, 1 *> MANU-MANl? AC £A+3] <2>«1) > 

(IF MANl<0tF7Q> IiEtt 99ff999§99999f9999f999 »> 

T1MP»22? MAK2<0|F7O>«JOOOOOOOOOOOOOOOOQOOOO3 NEXT 
(IF MAiri<0sF70> I«E9 999999999999999999999 =s> 

fiMP^21j MA«2<0SF70>^100O000O000O000O00000) NEXT 
(IF MANt<0tF70> liEQ 99999999999999999999 »> 

TEMP^20| MAN2<O?Ft0>.IOOO0OO0OO00OO00OO0O) NEXT 



(IF 



(IF 



NEXT 



MANi<0SF70» liEQ 99 9> 

TEMP^2| MA»2<0JF70>«10) 

MANl<0?r70> ^EQ 9 *> 

TEMP.l t MAN2<0 S F70>^1 ) NEXT 
TEMP^ACU+3J<9t35>-fEMP MEXT 
(IF TEMP GTR St* 

PQS 4 

SIZE»ACtA+41<6tll>j 

BlfTE,PTR<12U7>^0r 
B!lfTE,PTR<18j3S>»E0*l NEXT 
IjOAO.BYTE NEXf 
B1fTE,PTR.ACtA*4J «EXT 
OEPOSlT.iyTB NEXT 
INCREMKNT,»ITE,PTB» 
TiMP^TEMP«i NEXT 
(IF TEMP NEa »> B0FiW»))> 

(IF TEMP I,SS »> B0ENO) NEXT 
BXTE,PTR^CtA+43f 
BOWOP r«(IF MAN2<0;F70> NEO S> 

TBMPl^ANI<OtF70>/MAN2<OlF70> NEXT 
(IF OPCODE EQt #012 «> TEMPUTBMPl+EUi 
OPCODE EQl. #013 m> 
S<0J34>«TEMPJJ 
(DECODE (MAN2<0iF70> NEQ 1) OR (AC(A+3J<2> NEO 

1 ) 8> 



BDFltl, l» 



(IF 
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S<35>.0r S<35>^t) NEXf 
TRANSl^ATENEXT 
D«S) NEXT 
STORE, DST, BYTE? 

MAN2<0«r70>^AN2<0!r70>»i NIXT 
B0I,OOP) NiXT 
PC^PC+l I 
BOENO ?» NOP) I 



Cir (OPCODE Gm i014) AND (OPCODE iEQ #01S) m> | 

SRC. SETUP J OSf, SETUP NEXT 
MWOPja (ir ACCA+3]<9f35> NEC 9> 

(IF ACUJ<9;3§> Eaii 9> 
POS.O? 

SIZE»ACtA+t3<6ni>| 
8XTE,PTR<12U7>*0; 
ByTE,PTR<l8|35»«E0tl NEXT 
LOAD, BYTE)! 
(IF ACtA3<9!35> NEQ a»> GET, SRC, BYTE) NEXT 
(IF OPCODE EOi. 1014 «> S.S+E)j iOFFSET 

(IF OPCODE EQh #015 9> IRANSMTE) NEXT | 

TRANSLATE 

STORE, DST,BfTE NEXT 
MLOOP) NEXT 
PC^PC+1)3? 



MOVS- 



(IF (OPCODE GEO #016) AND (OPCODE IiEQ #0173 «> 
MOVS»J 

SRC, SETUP? DST, SETUP NEXT 
(IF OPCODE EQh #017 «» 1 RIGHT vJUSTIFY 
TEMP,ACiAJ<9«3S>»AC£A+31<9l35> NEXT 
mo l» (IF TEMP hBS 9> 

PDS*,0 1 

SIZE,ACiA + lJ<6ni>j 
B1TE,PTR<12|17>»0? 
BirTE,PTR<18}3§>jE0fl NEXT 
MAD, BYTE NEXT 
D»S| 

BtTE,PTR*ACCAt43 NEXT 
INCREMENT, BYTE, PTR NEXT 
AC(A+43-BYTE,PTR NEXT 
DEPOSIT, BYTE I 
TgMP«fEMP*l NEXT 
MRa3l 
(IF TEMP GTR »> 

BYTE,PTR^CtAtl3r 
TEMPUfgMP NEXT 
AOaUST,BYTE,PTR NEXT 



l080»2040f206Q ENGINEERING FUNCTIONAL SPEC - CHAP 2,17 PAGE 4i 
ISP DESCRIPTION OF P0P*6» KA# Kl, fHh pgOCESSOftS 

ACtA+U.SyTE,PTR)) NEXT 
MaiiOOPj« (IF ACiA+3j<9s35> NEQ »> 
(IF ACtAj<9835> EQL »> 

POS^OJ 

SIZE«AC[Atl3<6lU>J 

B1fTE,PTR<l2sl7>«0j 

BifTE,PTR<l8j3S>»E0*I NEXT 

I»OA0tByTE)j 
CIF AGIA1<9J3S> NEQ »> aET.SRC.ftXtE} NEXT 
D*Sf 

STORE, DSf,BXfC NEXT 
MaWOP) NEXT 
PC»PC+l))| 



(IF tOPCODE GEO #0203 AND COPCODE IjEO »777) »> MUUO) | 
UNDEFINED 



) I END EXT, I, SET 
)| I END PDPIO 
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I, SUMMARY 

1, THE KhiO HAS TWO KINDS OF MEMOR¥r INTaRNAI, (6,0,, MA20) 
ANO 

2, EXTERNAli (MGIOJ, 

THIS CHAPTER DESCRIBES THE ADAPTER rOR THE SECOND KIND Of 
«6«0R¥, 

THE DMA20 IS AM ADAPTER WHICH iNABl.ES THE Kl*lO TO ACCESS 
EXTiRNAh CORE MEMORIT STORAGE MODULES VIA THE STANDARD KIIO 
MEMORir BUS, FOUR SUCH KI BUSES CAN BE CONNECTED BETWEEN THE 
DMA20 AND THE STORAGE MODUl.ES, THEREBY ENABWNG FOUR SEPARATE 
STORAGE MODULES TO BE CXCLING AT CSENTlALiiY THE SAMg TIME IN A 
4-Wir INTERLEAVE MODE, MON.INTERl,EAVING AMD 2«WA¥ INTERLEAVING 
MODES ARE ALSO POSSIBLE, 

STORAGE MODULES ARE SET TO THE DESIRED INTERLEAVING MODE BY 
PHySICALLX CONFIGURING THE MEMORX ADDRESS SWITCHES ON EACH 
STORAGE MODULE, THE 0MA20 IS SET TO THE DESIRED REOUEST MODE, 
AMD STATUS INFORMATION IS RETRIEVED WITH SBUS DIAGNQSTlC 

CICLES, 



2, TERMINOLOGY 

2.1 KBUS 

REFERS TO A MEMORY BUS WHICH MEETS THE KI MEMORY BUS 
SPECIFICATIONS, IT COINECTS BETWEEN THE DMA20 AND THE EXTERNAL 
MEMORY STORAGE MODULES, 

2.2 SBUS 

INTERNAL STORAGE BUS THAT CONNECTS BETWEEN MBOX AND THE DMA20, 

3, GOALS 

1, THE DMA20 WILL CHECK PARITY ON ALL DATA TRANSFERS, IT 
WILL MOT CORRECT BAD PARITY, 

2, THE 0MA20 WILL BE CAPABLE OF 4-WORD READS AND WRITES, 

3, THE DMA20 WILL DETECT NXM'S ON ANY WORD OF A 
MULTIPLE-WORD REOUEST, EXCEPT THE FIRST WORD, IN THE 
CASE OF THE FIRST WORD, NXM IS DETlCTttD 8¥ THE NBOX, 

4, THE DMA20 WILL CHECK ADDRESS PARITY ON THE SBUS, 
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4, NON»(50Al.S 

I. fHE OMA20 WILL »0f SUPPORT THE IQU PARITY FEAfURS OF 
THE KBIJS, 



§, BASIC OPERATION 

THE EXTERNAI, MEMORY ADAPTER CDMA20) IS THE INTERFACE CONROl, 
EIiEMENT SETWEEN THE «iOX AN© THE EXTEBWAl. OESTRUCTIVE»READOUT 
CORE MEMORY (SEE FiaURE U, IN ADDITION TO DATA TRANSFERS, THE 
0MA2O PROVIDES ERROR OBTECTIOM AN6 REPORTING CAPABJMTIES, 

THE 0MA2O IS EOtllPPED «ITH FOWR KBUSES, CONNECTEO TO EACH KBUS 
CA» BE FROM 1 TO 16 STORAGE MOoUliES, PROVIDING AM OVERAtl, 
STORAGE CAPACITY OF 16 X 4 X §4, OR OVER FOUR Mll^LION, 36*BtT 
WORDS PLUS PARITY FOR MFIO'S, OR 16 X 4 X 128 COVER g MILLION 
WORDS) FOR MGIO'S, COMMUNICATION BETHEEN THE DMA AN0 THE 
STORAGE MODULES TAKES PLACE OVER THE KBUSES, COMMUNICATION 
iETWEEU THE DMA ANO THE MBOX TAKES PLACE OVER THE S8US. 

THE DMA HAS A SEPARATE IKTERNAL BUFFER STORAGE REGISTER FOR 
EACH KBUS, THIS ENABLES SINGLE OR MULTIPLE REOUISTS TO BE SENT 
TO MEMORY OVER THE DIFFERENT KBUSES, DATA BETWEEN THE OMA20 
AND THE MBOX IS ALWAYS TRANSFERRED ONE WORD AT A TjMEf WITH OR 
WITHOUT INTERLEAVING OF THE DATA WORDS IN THE DMA BUFFER 
STORAGE REGISTERS, 

TWO TYPES OF MEMORY INTERLEAVING ARE POSSfSLEl 2-WAY AND 
4»WAY, WITH 2-WAY INTERLEAVING, MEMORY ADDRESSING ALTERNATES 
BETWEEN TWO CONSECUTIVE STORAGE MODULES, SUCH AS BETWEEN 
MODULES 00 AND 01, WITH 4-WAY INTERLEAVING, MEMORY AOORBSSING 
ROTATES THROUGH FOUR CONSECUTIVE STORAGE MODULES, SUCH AS 00, 
01, 02, 04, OR 04, 05, 06, 07, 

MODULE INTERLEAVING IS ENABLED BY PHYSICALLY SETTING THE 
APPROPRIATE INTERRLEAVE SWITCHES BEHIND THE FRONT PANEL DOOR QF 
THE STORAGE MODULES, AS SHOWN BELOW. 

INTERLEAVE SWITCH SETTINGS FOR MFIO 

STORAGE MODULE 

MODE MADR SWITCHES 

34 ■ 35 . 

NON»INTERLEAVE NORM NORM 

2»WAY NORM INTL 

4*WAY IlfTL INTL 

FOR THE SYSTEM TO GAIN FULL ADVANTAGE OF THE MEMORY 
INTERLEAVING, THE DMA20 SHOULD BE SWITCHED CTHROUGH SOFTWARE) 
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to THE APPROPRIATE "REQUEST MODE", AS SHOWN BEtOW, TASTEST 
OPERATION IS ACHIEVED WITH REQUEST MODE 4 AND THE MADR SWITCHES 
SET FOR 4*WA¥, 

DMA20 
REQUEST MODE NON-INTl, R 2-WAY R 4-WAf R 

MODE 1 A (6) i A (S3 2 A (4) 3 

MODE 2 NA A £33 4 A C2) S 

MODE 4 NA NA A (1) § 

A w AX^IiOWED 

NA !5 NOT ALliOWEO 

THE ASSOCIATED NUMBERS IN PARENTHESES ARE I,ISTED FROM 1 TO 6, 
WITH 1 BEING THE MOST DiSIRAei.E AND 6 BEING THE LEAST DESIRABLE 
CONriGURATlON. 



' • 



R 9 RESTRICTIONS (OTHER THAN NORMAL MEMORf CONriGDRATION 
l -3 NONE 

4 WHEN ADDED TOGETHER, K8USES KO AND K2 MUST SEE THE SAME 
ADDRESS RANGE AS KftUSES Kl AND K3# IGNORING BIT 35, FOR 

EXAMPLES 

ACCEPTABLE NOT ACCEPTABLE 

KO •••64R •••64IC 
I I 

Kl 1 64tC»»» t 64K««'»'» 

i { I I 
K2 •••32K I •--64K I 

I I 

K3 32K.»»* 321C**» 

THE STORAGE MODULES ON BUSES KO AND K2 MUST RESPOND TO EVEN 
ADDRESSES? THAT IS, THE LEAST SIGNIFICANT BIT (LSB) OF MODULE 
SELECT MUST BE SELECTED FOR A ZERO, THE CONVERSE IS TRUE (ODD 
ADDRESSES) FOR MODULES ON BUSES Kl AND K3 

5 SAME AS ABOVE 

6 THE TWO LEAST SIGNIFICANT BITS (OF THE MODULE SELECT 
SWITCHES) MUST EQUAL THE BUS NUMBER, FOR IXAMPLEl 

BIT 

18 19 KBUS 
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Oil 

t 2 

II 3 

INTERLEAVING BFFECflVEliy BECREASES CYCm flME, THUS REDUCIHS 
PROCESSOR MEMORY WAIT TIME, MORMAt.l.Y, THE DMA20 SHQUtO BE 
OPERATEO in REQUEST MODE 4, HOWEVER, DEGRAOED ISTERkEAVED 
OPERATION IS Atl^OWED WlfM REftOEaT MODE 2, AND FURTHER MEMORY 
SYSTEM DEGRADATION IS AtWWEO WITH REQUEST MODE I, CHANGING 
FROM MODE 4 TO MODE 2 OR MODE I (THROUGH SOFfWARE) RQUlRES 
CORRESPONDING CHANGES IN THE MADR PHYSICAI. SWITCHES, 

ONI^Y STORAGE MOOWtES OF THE SAME SIZE AND HAVING CONSECUTIVE 
PORT ADDRESSES WITH AN EVEN PORT ADDRESS FIRST MAY BE 
INTERNA VED, FOR EXAMPI.E, a^WAY INTERI.EAVIN6 CAN EXIST SETWBEN 
STORAGE MOOOI^ES AND 1 (OR 2 AND 3) BUT NOT BETWEEN 1 AND 2 
(OR 3 AND 431 4*WAY INTERLEAVING CA EXIST BifK'EBN STORAGE 
MODULES 0, I, 2, 3 BUT NOT iETMEEN i, 2, 3, 4 (INTERLEAVING 
CANNOT RUN FROM ONE COLUMN TO ANOTHER), SEVEftAL EXAMPLES ARE 
GIVEN 8EL0W (SEE FIGURE 2)« NOTE THAT, IN 2»ttAY, THE STORAGE 
MODULES DO NOT HAVE TO 81 CONNECTED IN NUMERK^AL ORDER TO THE 
KBUSES. THEY MUST BE IN NUMERICAL ORDER FOR 4-WAY, 

OR SIZE 
S4K 

I4K 
32K 
32K 



2 •WAY 



K8US 


MODULE NO, 


SIZ 





2 


32K 


1 


3 


32K 


2 





32K 


3 


1 


32K 



4*WAY 



64K 32K 

1 I 64K 32K 

2 2 i4K 32K 

3 3 64K 32K 

THE OPERATION OF THE DMA20 IS ASYNCHRONOUS WITH RESPECT TO CORE 
AND SYNCHRONOUS WITH RESPECT TO THE MBOX, MEMORX OPERATION IS 
INITIATED WHEN THE MBOX REQUESTS A MEMORY CYCLE BY ISSUING A 
MEMORY ADDRESS AND CYCLE TYPE (READ, WRITE, ETC, 3 OVER THE 
SBUS, AFTER DECODING THE INCOMING REQUEST, THE DMA ENABLES THE 
APPROPRIATE K8US AMD ISSUES A MEMORY CYCLE REOUeST TOGETHER 
WITH THE MEMORY ADDRESS TO THOSE STORAGE MODULES CONNECTED TO 
THE K8US, 

IF THE ADDRESSED STORAGE MODULE IS NOT BUSY, If READS THE 
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ADDRiSS INTO IfS IHPOT BOFFER AND RESPONDS WITH AN ACKNOWIiEDGE 
SIGNAI», THE ACKNOMLEDGS SIGNAli IS GATED THROUGH THE DMA TO THE 
MBOX, INDICATING ACCEPTANCE Of THE MEMORY REQUEST, THEDWA 
THEN GQNTRQI4S THE REaUBSTED CfCliE TfPE, TRANSFERRING DATA 
BifWEEN THE MBOX AND CORE. 

MOST CORE STORAGE MOD0I,BS HAVE FOUR PORTS, l,A8EW.ED PO, PI, P2, 
AND P3 TO FAClLlTAfE CONNECTIONS iETWEEN THAT STORAGE MOOWI,E, 
THE MEMORir INTERFACE CE.G,, THE DMA20), AND OTHER PERlPiBRAl^S, 
SOCH AS AN RHIO, Alil. PORTS OF EACH STORAGE MODOI.E SHOULD HAVE 
THE SAME ADDRESS SWITCH SEI.ECTION, IN THE EVENT OF TWO OR MORE 
SIMULTANEOUS REQUISTS, THE MiMOR¥ PRIORITY NETWORK A1.1.0WS 
ACCESS TO THE PORT HAVING THE HIGHEST PRIORITY, FIRST PRIORITY 
IS ASSIGNED MEMORY PORT POj SECOND PRIORITY IS ASSIGNED TO 
MEMORY PORT PI, THIRD PRIORITY IS SHARED 8ETWBEN MEMORY POETS 
P2 AND P3 SUCH THAT IF PORT P2 WERE SERVICED IiAST IN T«E 
PREVIOUS MEMORY CYCLES, PORT P3 WOULD BE GIV^N PRIORITY OVER 
PORT P2 SHOULD SIMULTANEOUS REaUESTS OCCUR ON THESE PORTS, 

IN THE EVENT OF A MALFUNCTION OF ONE PARTICULAR STORAGE MODULE 
(FIGURE U, THE MONITOR PROGRAM WILL RESTRUCTURE THE OVERALL 
CORE MEMORY TO EFFECTIVELY BY*PASS THE FAULTY MODULE PLUS THE 
OTHER STORAGE MODULES ASSOCIATED WITH IT FOR INf BRLEAVING, FOR 
EXAMPLE, IN 4»WAY INTERLEAVING, IF STORAGE MODULE 01 IS FAULTY, 
THE MONITOR WILL BY-PASS ALL FOUR CORE STORAGE MODULES 00, 04, 
02, AND 03, DIRECT COMMUNICATION SETWEIN THESE FOUR MODULES 
AND THEIR RESPECtlVE PERIPHERAL CS) WILL ALSO TERMINATE. 

DEPENDING ON THE NATURE OF THE MALFUNCTION, THE COMPUTER 
OPERATOR MAY ELECT fO SHUT DOWN THE SYSTEM AND SET THE MEMORY 
INTERLEAVE SWITCHES TO DIFFERENT POSITIONS (E,G,, 
NON*INTERLEAVING MODE J, THEREBY PERMITTING USAGE OF ALL 
AVAILABLE MEMORY, EXCEPT FOR THE FAILliG »0X, UNTIL THE 
MALFUNCTION IS CORRECTED, IN THIS CASE, THE DMA MODE MAY ALSO 
HAVE TO iE CHANGED CB,G,, THROUGH SOFTWARE), 

§, MEMORY ADDRESSING 

THE MANNER IN WHICH AN MFIO STORAGE MODULE IS PROGRAMMED CIN 
THE KLJO CONFIGURATION) IS ILLUSTRATED IN FIGURE 3, SITS 14 • 
19 DETERMINE WHICH ONE OF THE 64 STORAGE MODULES WILL BE 
SELECTED, FOR A GIVEN INSTRUCTION, gITS 20 - 3S DETERMINE 
WHICH ONE OF THE 64K WORDS WILL BE ADDRESSED IN THAT PARftCULAR 
STORAGE MODULE, FOR EXAMPLE, 03 000004 (OCTAL) SELECfSTHE 
FOURTH WORD IN MfiO STORAGE MODULE 03, 

WHEN 2»WAY INTERLEAVING IS SELECTED FOR AN MFIO, THE LEAST 
SIGNIFICANT MODULi-ADDRESS Bit (BIT 20 FOR 32K AND BIT 19 FOR 
&4K3 IS SWAPPED WITH THE LEAST $lGNIFICASf WORD-ADDRESS BIT 
(BIT 353, IN THIS CONFIGURATION, SHOULD THE PROCESSOR GENERATE 
CONSECUTIVE ADDRESSES STARTING AT ADDRESS OF MFIO NUMBER 0, 
THE SUBSEQUENT MEMORY CYCLES WOULD ALTERNATE BETWEEN MFIO 
MEMORIES AND J, ADDRESSING ONLY THE EVEN WORD LOCATIONS (0, 
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2, 4, 6, ETC.) mtlh hhh fWg eVEI» 1.0CAT10NS WERE ADDRESSED, AND 
THEN ADDRESSING hhh THE ODD LOCATIONS CI, 3, 5, 7, ETC.) UNTIL 
ALL THE ODD LOCATIONS WERE ADDRESSED. THIS SEQWENCE WOULD BE 
CONTlNPOUSLf REPEATED UNTIL THE PROCESSOR CEASED GENERATING 
CONSECUTIVE ADDRESSES, 

WHEN 4-WA5f INTERLEAVING IS SELECTED FOR AN MFIO, THE TWO LEAST 
SIGNiriCANT MODULE-ADDRESS BITS (BITS 19, 20 f'OR 32K AMD BITS 
18, If rOR i4K) ARE SWAPPED WITH THE TWO LEAST SIGNIflCANT 
«ORO»ADDRESS SITS (BITS 34, 35), IN THIS COiFIGURATION, SHOULD 
THE PROCESSOR GENERATE COWSBCUTIVE ADDRESSES STARTING AT 
ADDRESS or MFIO NUMBER 0, THE ^UiSEQUENT MEMORY CYCLES WOULD 
ROTATE BETWEEN NFIO MEMORIES 0, 1, 2, 3, STARTING AT ADDRESS 0, 
MEMORY LOCATIONS WOULD BE ADDRESSED IN THE FOLLOWING SEaUBNCE 
AT EACH or THE FOUR MFJO MEMORIES? 

WORD LOCATION (OCTAL) 

0, 4, 10, 14, 20, 24, ETC, 

1, 5, U, i§, 21, 25, ETC. 

2, %, 12, 1§, 22,. 26,. ETC... 

3, 7, J3, n, 23, 27, ETC, 

THIS ADDRESSING SEOUENCE CO, 4, 10 , , , U 5, U . , , 

2» ^» 12 , , , 3, 7, 13 , , ,) WOULD SE CONTIKUOUSLI 
REPEATED UNTIL THE PROCESSOR 
CEASED GENERATING CONSECUTIVE ADDRESSES* 

FIGURE 4 ILLUSTRATES 4-WAy INTERLEAVING BETWEEN FOUR 64K 
STORAGE MODULES 00, 01, 02, AND 03, IN THAT ORDER, BEFORE 
SWAPPING, THE MEMORY LOCATIONS ARE ADDRESSED IN ASCENDING 
NUMERICAL ORDER, GOING FROM STORAGE MODULE 00 TO STORAGE MODULE 
03, UNTIL ALL 256K LOCATIONS ARE ADDRESSED. THUS THE FIRST 64K 
CONSECUTIVE ADDRESSES START AT 000,000 (OCTAL) AND END AT 
177,777 (OCTAL)I THE NEXT 64K ADDRESSES START AT 200,000 
(OCTAL) AND END AT 377,777 COCTADt AND SO FORTH, 

WHEN BITS 18 AND 19 ARE SWAPPED WITH BITS 34 AND 35, THE END 
RESULT IS THAT EVER¥ FIFTH WORD (0, 4, 10, 14 , , ,) IN EACH 
MODULE CI*E,, 0, 1, 2, 3) IS NOW ADDRESSED SESUENTIALLI, UNTIL 
16K WORDS ARE ADDRESSED IN EAC« MODULE JN THE FIRST PASS, 
ADDRESSING THEN LOOPS BACK TO THE BEGINNING OF EACH MODULE, 
INCREMENTED dX ONE, AND THEN CONTINUES FOR ANOTHER 16K WORDS, 
THIS PROCESS CONTINUES TWO MORE TIMES UNTIL ALL 64K WORDS IN 
EACH MODULE ARE ADDRESSED, THIS HAS ESSENTIALLY THE SAME 
EFFECT AS TRANSFERRING EVERY FIFTH WORD TO OR FROM STORAGE 
MODULES 00 • 03 SIMULTANEOUSLY OVER THE FOUR KBUSES, 

THE NUMBER OF WORDS TO BE TRABSrERRED BETWEEN THE DMA AND THE 
STORAGE MODULES IN A GIVEN MEMORY CYCLE DEPENDS ON THE NUMBER 
OF WORD REQUEST LINES (SBUS RQO •I) ASSERTED, tHESE LINES ALSO 
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SPECiry IHE ORDER IN WHICH THE WOROS ARE REfBlEVED/WPITTEN, 
FOB EXAMPl,E, A MEMORY REFERENCE CAN BE ISSUED REQUIRING THREE 
WORDS AT ADDRESSES 00, 01 OR 03. IS THIS CASE, THE DMA 
ADDRESSING I,0GIC WILL ACCESS ADDRESSES 00, 01, SKIP 02, AND 
IMMEDIATEty ACCESS ADDRESS 03, THUS, TIME IS NOT WASTED 
REQUESTING AN ACCESS TO AN UNWANTED MEMORY ADDRESS, 

7, LOADING RULES 

THE SAME GUIDELINES FOR THE KA AND KI MEMORY BUSES APPLY TO 
EACH DMA20 KBUS, 

8, ERROR DETECTION AND REPORTING 

THE DMA20 PROVIDES THE CORE MEMORY SYSTEM WITH AN ERROR 
DETECTION AND REPORTING CAPABILITY, ADDRESS PARITY, READ DATA 
PARITY, AND WRITE DATA PARITY ARE ALL CHECICfeD IN THE DMA DURING 
THE THREE CYCLE OPERATIONS. EACH TYPE OF PARITY ERROR SETS AN 
APPROPRIATE FLAG IN THE DMA STATUS REGISTER. THE DMA ERROR 
DETECTION LOGIC ALSO STORES fME ADDRESS OF THE FIRST ERROR IN 
THE DMA ERROR ADDRESS REGISTER UNTIL ALL ERROR SITS ARE 
CLEARED, WHEN ANY DATA PARITY OR NXM ERROR IS DETECTED, A 
CUMULATIVE ERROR SIGNAL CSBUS ERROR) IS SENT TO THE MBOX, WHEN 
ANY ADDRESS PARITY ERROR IS DETECTED, SBUS ADR PAR ERR IS SENT 
TO.THE MBOX, 

IF AN ACKNOWLEDGE CACK) IS RECEIVED FROM THE FIRST STORAGE 
MODULE, AND ANY SBSESUtNT REFERENCE IS THE CYCLE DOES NOT 
RECEIVE AN ACK (I.E., A STORAGE MODULE DID NOT RESPOND), THEN A 
NON-EXISTENT MEMORY CNXM) FLAG IS SET IN THE DMA STATUS 
REGISTER IK THE SAME WAY AS A PARITY ERROR, IF THE FIRST WORD 
DOES NOT RECEIVE AN ACKNOWLEDGE, THE MBOX WILL GENERATE THE NXM 
INSTEAD, 

DURING A DIAGNOSTIC CYCLE, ALL COMMUNICATION ClNCLUDING 
ADDRESSING) iETWEEi THE MfiOX ASD THE DMA IS PERFORMED OVER THE 
SBUS DATA LINES, THE OVERALL DIAGNOSTIC CYCLE CONSISTS OF TWO 
HALVESl TO DMA AND FROM DMA. GENERALLY, DURING THE TO DMA 
PORTION OF THE CYCLE, DIAGNOSTIC CONDItlONS ARE SETf DURING 
THE FROM DMA PORTION, THOSE CONDITIONS ARE VERIFIED OR IN SOME 
CASES ERROR CONDITIONS RltRIiVED, 

THE DIAGNOSTIC CYCLE IS INITIATED AND SYNCED TO THE PHASE A 
CLOCK WITH A COMPLETE CYCLE REQUIRING SOO KS, DURING THE FIRST 
250 NS, THE MiOX SENDS OUT A DMA ADDRESS, FUNCflON CODE, AND 
INFORMATION SPECIFIED BY THE FUNCTION CODE, DURING THE SECOND 
250 NS, THE DMA SENDS INFORMATION BACK TO THE MBOX, USING THE 
DATA LINES AS SPECIFIED BY THE FUNCtlON CODE, 

TWO FUNCTION CODES ARE DEFINED (FUNCTION AND FUNCTION 1) AND 
THEIR FORMATS ARE DETAILED IN FIGURES S AND $, RESPECTIVELY. 
EITHER FUNCTION CODE IS ENABLED iN THE DMA WHEN AN SiUS 
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DIAGIOSTie BlGmh IS SENT fO THE DMA FROM THE MBOX, THE 
DIAGNOSTIC SIGNAI, EfFECTIVEilf EKABliES THE 0»A DIAGNOSTIC 
ADDRESS DECODER DURING THE FIRST HAI^F-CfCtE AND THE 
TRANSMISSION FUNCTION FOR DATA RETRIEVAL DURING THE SECOND 
HAIifCyCI^B, THOSE BIT POSITIONS WHICH SET OR CLEAR CONDITIONS 
IN THE FIRST HALF-CYCiE Hlhh CONTAIN THE NEW DATA WHEN 
RETRIEVED DURING THE SECOND HAl.F«CYCl,E, 

8,i FUNCTION (TO DMA) 

CdNTRDl.I.ER ADDRESS, THIS FIEiD SPECIFIES THE ADDRESS OF THE 
CONTROLLER TO BE EXERCISED, IN THIS CASE, THE ADDRESS FIELD 
WILL CONTAIN OCTAL 4, SPECIFYING THE DMA20, 

CLEAR BIT, THIS I»SiT FIELD IS APPLIED TO THE ERROR LOGIC AND, 
IF A 1, GENERATES THE CLEARING FUNCTION FOR THE FOUR FLOPS IN 
THE PARITY STATUS REGISTER, 

SET INTERLEAVE MODE, THIS 2*B1T FIELD, APPLIED TO THE ERROR 
LOGIC, SET3 THE DMA INTERLEAVE MODE AS DETERMINED BY THE CODE, 
WITH A CODE OF 00, THE DMA IS SET OFF LINE BY RESETTING BOTH 
INTERLEAVE FLOPS, THE REMANING THREE CODES SET/RESET THE FLOPS 
AS REaUIRED FOR THE SELECTED INTERLEAVE MODE, INRfiOUEST MODE 
i, THE SYSTEM IS SET UP FOR EITHER NON-INTERLEAVING, 2*WAy 
INTERLEAVING, OR 4.WAY INTERLEAVING, IN REQUEST MODE 2, THE 
SYSTEM IS SET UP ONLY FOR 2-WAX OR 4»«Ay INTERLEAVING, IN 
REQUEST MODE 4, THE SYSTEM IS SET UP ONLY FOR 4-WAY 
INTERLEAVING 



* 



LOAD ENABLE, IF A I, THIS SIT ENABLES GATING OF THE INTERLEAVE 
MODE FIELD TO THE INTERLEAVE FLOPS, IF THE BIT IS A 0, BITS 6 
AND 7 ARE IGNORES BY THE DMA, 

FUNCTION CODE, THIS S-BIT FIELD SPECIFIES THE FUNCTION CODE, 
IN THIS CASE, OCTAL 00 » FUNCTION CODE 0, 

S,2 FUNCTION CFROM DMA) 

ERROR REPORTING FLAGS, THIS 6-BIT FIELD RETURNS ERROR 
INFORMATION FROM THE STATUS REGISTER IN THE ERROR LOGIC, THE 
OUTPUT OF THE STATUS REGISTER IS ENABLED TO THE SBUS DATA LINES 
BY AN ERROR TRANSMIT FUNCTION (ERR XMIT5 WHICH WAS GENERATED 
DURING THE FIRST HALF-CYCLE, 

REPORT INTERLEAVE MODE, THIS 2-BIT FIELD IDENTIFIES THE 
CURRENT DMA INTERLEAVE MODE, THE CONDITION OF THE ERROR LOGIC 
INTERLEAVE FLOPS IS ENABLED TO THE DATA LINESBY ERR XMIT, 

ADDRESS INFORMATION, THIS 28-8IT FIELD RETURNS ADDRESS 
INFORMATION CONCERNING THE FIRST PARITY ERROR, THE OUTPUTS OF 
THE APPROPRIATE FLOPS (RD RO, WR RQ, ETC,) AND THE ERROR 
ADDRESS REGISTER IN THE ERROR LOGIC ARE ENABLED TO THE SBUS 
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DAfA LINES SB¥ ERR XMIT, 

8.3 FUNCTION I CTO DMA) 

mmm controller address, this s^iit field specifies the 

ADDRESS OF THE CONTROLLER TO Bi EXERCCISEDSY THE OlAGNOSTlC 
CICLE, IK THIS CASE, THE ADDRESS FIELD MILL CONfftlN OCTAL 4f 
SPECirflNG THE DMA20, 

LOOP-AROUND MODE, WHEN BIT 12 IS A J, THE DHA IS CONDITIONED 
FOR THE LOOP^AROOND MODE, THIS MODE CHECKS DATA TRANSFERS 
BETWEEN THE MSOX AND A SELECTED DMA DATA BUFFER WITHOUT GOING 
THROUGH CORE. IT IS USED MAINLY DURING THE DIAGNOSTIC ClCLE 
FOR ISOLATING SYSTEM FAILURES, DURING A LOOP-AROUND OPERATION, 
A WRITE CYCLE FOLLOWED Bt A READ WiLL RESULT IN THE WRITE DATA 
BEING RETURNED ON THE READ CYCLEi THE DATA NEVER GETS SENT TO 
CORE, THE READ COMMAND CLEARS THE LOOP)-AROUN0 MODE, FOR A 
NO«pFAULf CONDITION, THE RETRIEVED DATA MUSI BE IDENTICAL TO 
THAT DEPOSITED DURING THE PREVIOUS WRITE CfCLE, 

FUNCTION CODE, THIS 5-BIT FIELD SPECIFIES THE FUNCTION CODE, 
IN THIS CASE, OCTAL 01 » FUNCTION CODE I, 

8.4 FUNCTION I CFROM DMA) 

NUMBER STORAGE MQOULE/CONROfcLER, THE DMA ALWAYS RETURNS ZEROES 
IN THIS 0-BIT FIELD, 

INDICATE MEMORY TYPE, THIS 4-BIT FIELD INDICATES THE TYPE OF 
MEMORX CONNECTED, IN THIS CASE, A BIT CONFIGURATION OF OCTAL 
02 IS REfURNED, INDICATING A DMA20, 

LOOP-AROUND MODE, WHEN SBIT 12 IS A I, THIS FIELD INDICATES 
THAT THE DMA WAS CONDITIONED FOR A LOOP-AROUND OPERATION DURING 
THE PREVIOUS HALF-CYCLE, 

8.5 SINGLE-STEP MODE 

THE DMA20 WILL OPERATE CORRECTLY WITH REDUCED OR SINGLEwSTEP 
CLOCKS AS CONTROLLED BY THE PROCESSOR, 
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9, APPENDIX A * LOOSE ENDS 
THERE ARE NONE, 
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FIGURE 1 

P0SSI8I.E CONNECTION OF MFIO STORAGE 
mBUUm W DMA20 



I mm 

^ fli* ^ sin# ^- n? n^ 



I I 
i 

i 

I 
I 
J 
i 
I 
I 
I 
J 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



16 MEMORIES/BUS X 4 BUSES * §4 MEMORIES 
64 MEMORIES X &4K WORCS/MEMORf » 4M WORDS 1 i 

I i 

^»,«»*,*t I i»«|»i MA20 i 
+"'»'«'»"^""+ 1' 1 SBUS. 1- 

"Tr fl^ fl^ flUIr S||B Wi *B|p 

»>i MA20 I I I 

+.,•♦„+ |<.,, 16 COLUMNS CO-15) — ,»— >i 

t J 



-••> 



i KBWS 



P2 



i EXTERN Al, I 
I I 

I MEMORY i 
I i 

i AOAfTER i 

I 0MA2O*1 



i 
I 

' ^' Mt MB ^If jpF flIV iHf w' ' 

t 00 i 
PI 



I i 

i I 

I P3 i 

J MFIO i } MFIO i 

♦ • t»»tt * I 

1 04 i i 60 J 



P3.. 



t 
i 
i 

i 
J 
I 
i 
i 

i 
I 
I 
i 
i 
I 
I 
I 
I 



KBUS 1 

I I I J 

I i P3 i P3 I P3 

i I J i 

I MFIO MFIO MFIO 

i Oi OS 61 

I 

I KiWS 2 

I I PI I P3 i P3 

I I i I 

I MFIO MFIO MFIO 

1 02 06 12 

i 

I IBUS I 

I I P3 t P3 I P3 



i 
MFIO 

03 



1 

MFIO 

07 



J 
MFIO 

■63: 



1080,2040,2060 ENGINEERING fUNCTlONAL SPEC • CHAP 3,« PAGE 14 
EXfEFNAl* MEMORY ADAPTER {DMA20) - REV 



FIGURE 2 

COMHECTING PERIPHERAL DIRECtLy fO 
STORAGE MODULES 
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FIGURE 3 
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FIGURE 5 
FUNCTIOH FIEI,0 FORMAT DESCRirTIONS 
DATA BIT POSIflONS»»*TO DMA 
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00»OFF htm 

OlssREOUEST MODE 1 

iOftREQUES'T MODE 2 

ItsREQUEST MODE 4 I 
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riGURe 6 
FUNCTION I FIEjuD FORMAT &ESCRIPTIOMS 
DATA BIT POSITIONS— TO DMA 
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11.2^ J^'^ ^^^'^^^'^^"^ POSSIBLE FOR THE MBOX TO CORRECT^ 
ASSOCIATE SBUS ERRORS DUE TO »AP 0ATA PARITY ON BOTH REAP A»0 
WRITE WITH THE FUNCTIONAL COMPONENT (EBOX OR CHAMNEL) WHICH 
rnnL pE RErERENCE. THIS MEANS THAT A TRA8SFER OH A CHANMEl. 
COULD SE ABORTED AS A RESULT OF AN ERROR MADE Bf AN E»OX 
PROCESS OR VICE VERSA, THIS SITUATION EXISTS BECAUSE THE 0MA2O 
(CURRENTLY THE ONLY SBUS DEVICE WHICH CHECKS DATA PARITY 0» 
rSJi^SfF^ J^^ WRITES) CAN TAKE UP TO SOO NANO SECONDS BEYOJIO 
COMPLETION or A TRANSFER TO NOTIFY THE MBOX OF A» SBUS ERROR 
DUE TO BAD DATA PARITY, DURING THIS 500 MANO SECONDS, A MEMORY 
REFERENCE FOR ANOTHER FUNCTIONAL COMPONENT TO A DIFFERENT BANK 
or CORE COULD BE INITIATED, THE MBOX MUST BE ABLE TO ASSOCIATE 
THE ERROR WITH THE PROPER FUNCTIONAL COMPoieSf SO THAT JhI 
HARDWARE CAN TERMINATE THAT PROCESS AND NOT SOME OTHER PROCESS, 

ImineSf ^^®" ^"^^ ^"^ FOLLOWING MODIFICATIONS OF THE SBUS ABE 

1, ADD AN SBUS SIGNAL CALLED "SBUS REa ODD L» GOING FROM 
MBOX TO MEMORY, 

2, ADO AN SBUS SIGNAL CALLED "SBUS ERROR B L" TO THE SBUS 
AND RENAME "SBUS ERROR L« TO "SBUS ERROR A L». 

THESE NEW SIGNALS WILL SE USED IN THE FOLLOWING MANIER, 

5!!!..«^?^ ^!^** MAINTAIN TWO WEW FLIP-FLOPS NAMED PREVIOUS 
CHANNEL (PREV CHAW3 AND REQUEST ODD (REO ODD), PREVIOUS 
CHANNEL WILL BE TRUE WHENEVER THE PREVIOUS MEMORY REFERENCE WAS 
SeS ulln.t ?f S!^' . ^^«"«=ST ODD WILL TOGGLE EACH TIME A 
MEMORY REQUEST IS MADE AND WILL BE SENT TO MEMORY ALONG WITH 

Irm,r«!J**?f L '^!??f!^' ^"^^ ^^^^ ^^^0« ^«K CURRENT MEMORY 

Srnnff!. 2;^^.^*'^^*^^'^ ^^^^ °*^ °0» ^0 T«^» ALTERNATE MEMORY 
REQUESTS CAN BE DISTINGUISHED, 

^S,?!**?*^! ^"^"^ RECOGNIZES THE REQUEST STORES REQ ODD, IF THAT 
S?LSf ?S!f Jm/^SSS '^"5^"*' A TRANSFER, THEN IT SoWfIeS THE 
^S^fS'^^S^^ THE ERROR OCCURRED VIA "SBUS ERROR A« AND -SBUS 
ERROR B% THESE SIGNAL LINES ARE ENCODED AS FOLLOWS, 

SBUS ERROR MEANING 

A B 

NO ERROR 

1 Wn ASSOCIATAiLS ERROR 

1 ERROR ON AN EVEN REOUiST 
1 I ERROR ON AN ODD REQUEST 

A ^»NON ASSOCIAf ABLE ERROR" IS AN SBUS ERROR THAT THE MBOX WILL 
NOT BE ABi,E TO ASSOCIATE WITH ANY PARTICULAR MEMORY TRANSFER 
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BECAUSE IT fOOK TOO 1,0NG tO DETECT THE ERROR, THE QUhX EERGB 
fiAT FAI.I.S INTO THIS ChkBB IS THE 8 MICROSECOND INCOMPfcETi 
CtChK TIMEOWT ERROR WHICH THE MA20 DETECTS, If THIS ERROR 
COWPITION IS DETECTED, THE MBOX WII*!. SET THE APR SBUS ERROR 
Pl,AG IN THE E»OX, THE CHA»MEI*S WILl, MOT BE NOTIFIED OF THE 
OCCURRENCE OF THIS ERROR?, THE OCCURRENCE OF THIS ERROR 
INDICATES A SERIOUS HARDWARE MAtFUNCTjOir. 

ON E¥EN AMD OPO REQUEST SflUSERHORS, THE MBOX Wlfcl, SET THE SBOS 
APR FLAG IN THE EBOX, iOOK AT THE CURRENT STATE "REOUESf O&0» 
FIiIP*FfcOP MBOX AND DECIDE WHETHER THE ERROR IS ASSOCIATED WIt» 
THE CURRENT OR PREVIOUS MgMQRI TRANSFER^ AND SEND AN ERROR 
NOTIFICATION TO EITHER THE EBOX OR THE CHANNELS SO THAT THE 
APPROPRIATE TRANSFER CAN BE RETRIED OR ABORTEO, 

TO MAKE THIS ALfe WORK CERTAIN TIMING CONSTRAINTS «UST »E PIiACEO 
ON THE METORIES. THEY ARE? 

t, ONE WORD CORE READS MWST TAKE ^ 375 NANO SECONDS FROM 
THE TIME "SBWS START" IS SENT FROM THE PROCESSOR UNTIU 
THE DATA ARRIVES AT THE PROCESSOR, 

2, Sills ERROR MUST ARRIVE AT THE MBOX 4t 500 NANO SECONDS 
AFTER THE I.AST SBUS ACKN ON WRITES IF THE PROCESSOR IS 
TO BE ABfcE TO ASSOCIATE THE ERROR «ITM THE PROCESS THAT 
CAUSED THE ERROR, 

3, SlUS ERROR MOST ARRIVE AT THE MiOX SSOO NANO SECONDS 
AFTER THE fcAST iORD OF DATA ON READS IF THE PROCESSOR 
IS TO BE ABtE TO ASSOCIATE THE ERROR WITH THE PROCESS 
THAT CAUSED THE ERROR, 

4, ANt ERRORS THAT W 11,1* TAKE liONGER THAN 2, OR 3, PAl,!, 
INTO THE "NON ASSOCIATABIiE ERROR" CWSS, 



tEND OF S8US0P,SPC1 
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I, INfBODUCTlOK 

fHE SBUS OlAGNOSflC CfCI*E IS USED POR COMHUNICATIOH BETWEEN 
1«E MBOX AHO THE iNfERNAfc MEMORlT CONf ROLLERS, AS THERE ARE 
NO SWITCHES ASSOCIATED WITH THE IMTERNAL MEMORt CONTROLLERS, 
THINGS SUCH AS ADDRESS BOUNDARIES, INTIRLEAVE MODE, MARGIMS, 
ERROR REPORTING, ETC., ARE CONTROLLED USING THE OIAGNOSflG 
CXCLE, 

THE ORGANIZATION OF THE SBUS FOR EACH CABINET, THERE ARE A 
MAXIMUM OF TWO MEMORY CONTROLLERS PER CABINET AND EACH 
CONTROLLER MAY HAVE 2 TO 4 STORAGE MODULES, STORAGE MODULES 
ARE EITHER leK X 37 OR 32K X 37 (MA20»E OR M820*E) , IT IS 
NOT ALLOWED TO MIX MA20 S M820 STORAGE MODULES ON THE SAME 
CONTROLLER. EACH MEMORY CONTROLLER HAS A UNIQUE HARD WIRED 
ADDRESS, SHOWW IN FIGURE I, FOR DIAGNOSTIC CYCLE, 

A DIAGNOSTIC CfCLE IS EXECUTED if THE MBOX ASSERTING THE 
SBUS DIAG, SIGNAL AND USEING THE 3ft SlUS DATA LINES FOR 
TRANSFERRING INFORMATION, 

THERE WILL BE A PDP*10 MACRO INSTRUCflON WHICH TAKES A 36 
BIT INPUT ARGUMENT AND RETURNS A 3& BIT OUTPUT ARGUMENT, 
THE MICROCODE FOR THIS INSTRUCTION PUTS THE 36 BIT INPUf 
ARGUMENT IN THE AR AND TELLS THE MBOX TO EXECUTE AN SftUS 
DIAGNOSTIC CYCLE, WHEN THE MBOX TURNS ON ITS MBOX RESPONSE 
SIGNAL THE MICROCODE CLOCKS THE CONTENTS OF THE CACHE DATA 
LINES INTO THE AR AND RETURNS IT AS THE OUTPUT ARGUMENT, 

A TIMING DIAGRM FOR A DIAGNOSTIC CYCLE IS SHOWN JN FIGURE 2, 
DIAGNOSTIC CYCLE ALWAYS STARTS ON THE CLOCK DERIVED FROM 
PHASE A OF THE SBUS CLOCK AND TAKES 4 PHASE A CLOCK 
INTERVALS WHICH IS NORMALLY 500NS, THE DIAGNOSTIC CYCLE IS 
DIVIDED INTO TWO EQUAL PARTSS IN THE FIRST 250NS THE MBOX 
SENDS OUT A CONTROLLER ADDRESS IN BITS 0-4, A FUNCTION 
FIELD IN.BITS 31 • 35, AND INFORMATION IN BITS 5 - 30 
SPECIFIED 8Y THE FUNCTION CODEi IN THE LAST 250NS THE 
MEMORY CONTROLLER SENDS INFORMAflON BACK TO THE MBOX USING 
BITS 00 • 35 AS DEFINED BY THE FUNCTION CODE, THE SELECTED 
MEMORY CONTROLLER CLOCKS THE SBUS DATA LINES ON THE 3R0 
PHASE A CLOCK AND THE MBOX CLOCKS THE SBUS LINES ON THE 5T« 
PHASE A CLOCK OF A DIAGNOTIC CYCLE AS SHOWN IN FIGURE 2, 

TWO FUNCTION COOES, li 1, HAVE BEEN DEFINED AND ARE 
DESCRIBED IN THE FOLLOWING PAGES, EACH FUNCTION CODE IS 
DEFINED IN TERMS OF T«E INFORMATION SENT BY THE MBOX IN THE 
FIRST HALF CAI*liiD »T0 MEMORY" AND THE INFORMATION SENT BY 
THE MEMORY CONTROLLER IN THE IN0 HALF CALLED "FROM MEMORY^, 
UNLESS NOTED OTHERWISe THE MA20, M820 AND 0MA20 IMPLEMENT 
ALL THE FEATURES LISTED UNDER FUNCTION AND I, ALSO, BITS 
SET OR CLEARED IM THE FIRST HALF OF A DIAGNOSTIC CYCLE WHEN 
READ OUT IN THE 2N0 HALF OF THE SAME DIAGNOSTIC CYCLE WILL 
CONTAIN THE NEW DATA, AS THE SUBJECT OF INTERLEAVING IS 
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SOMEWHAT COMPLEX THERE 15 A SEPARAtE SECTIOW PEVOfED fO IT, 



2, FWHCflON 

2,1 TO nBHORX 

BITS - 4 HEMOftI CONTROI^LER ADDRESS 

ADDRESSES • 3 ARE ASIGWEO TO THE INTERNAL MEHORy 
CONTROWERS AS SHOWII IM riGWRE 1, ADDRESS 4 IS ASSIGNED TO 
THE DMA20 AND ADDRESSES §• 37 ARE RESERVED FOR EXPANSION, 

BIT 5 CIiEAR BITS • 5. 

THIS CAUSES THE FUP Fl-OPS LISTED tU 
ilTS • S OF rUiCTlON - FROM 
MEMORI TO BE CLEARED, 

BITS 6, 7 SET INTERLEAVE MODE, 

a SET CONTROLLER TO OFF LINE 

STATES DMA20 ONLY, 

1 » NO INTERLEAVE (I WORD/MEMORI 
CrCLB) 2 8 2 WAY INTERLEAVE (i • 2 
WORDS/MEMORy CfeLB) 3 « 4 WAf 
INTERLEAVE (I • 4 WORDS/MEMORy 
CfCLE) 

INTERLEAVE MOOS SASICALLY CONTROLS 
THE NUMBER OF SIMULTANfiOyS MEMORt 
CICLES THAT MAY TAKE PLACE AS 
INDICATED ABOVE, 
BITS 8 - U SBUS RttO • R03 ENABLE 

8 • SBUS RQO ENABLE 

9 - S8WS RQI ENABLE 

10 • SBUS RQ2 ENABLE 

11 « SBUS RQ3 EANBLE 

IT IS THE PROGRAMMERS RESPONSIfllLITI 
TO LOAD BITS S - U CONSISTENT SITH 
BITS 6 AND 7, 

BITS 8 • 11 ARE USED IN CONJUCTION 
WITH THE INTIRLEAVE MODE AS FOLLOWS! 

IF A CONTROLLER IS SET IN INTERLEAVE 
1 MODE THEN RQO THRU RQ3 SHOULD ALL 
BE ENABLED IN THE CONTROLLER i IF A 
CONTROLLER IS SET TO^ INtERLEAVE-2 OR 
3 MODE THEN RQO & RQ2 SHOULD BE 
ENABLED IN THE EVEN CONTROLLER AND 
Rftl & RQ3 ENABLED IN THE ODD 
CONTROLLER, 



1080,2040,2060 eHGINEERiNG fUHCflomh SPEC 
5BUS DIAGNOSTIC CYCliE 



CHAP 3,7 PAGE 4 



ONE POSSIBLE WAX OF MAKI^IG AH 
INTERNA!. CmTMQhhBR APPEAR TO BE OFF 
hlUE If TO HOI mk&hS AMY OF THE 
SBUS BQ - RQ3 ENABLES, 



BITS 8 
DMA20, 



• 11 ARE IGNORED BY THE 



IIT 12 

BITS 13 • 30 
BITS 31 • 35 



THIS BIT MOST BE A "OME" TO ENABLE 
LOADING or BITS & • H, OTHERWISE 
BITS 6 • 11 ARE IGNORED, 

RECERVEO FOR FUTRE USE MX HAREWARE, 

FUNCTION CODE 00 FOR FUNCTION 0, 8 
FUNCTIOi\l 02 - 37 ARE RESERVED FOR 
FUTURE USE HARDiiARE, 8 



2,2 FROM MEMORX 
BITS 



• 5 



MA20 AND MB20 CONTROLLERS 
DECODE BIT 35 OF THIS FIELD. 



• 



QNL¥ 



CONTROLLERS ( 



1 FLTTyRE 

2 - INCOMPLETE C-yCLE 

3 READ PAR ERR 

4 WRITE PAR ERR 

5 ADR PAR ERR 
THESE ARE ERROR I^EPORflNG FLAGS IN THE MEMORX 
WHICH ARE CLEARED WHEN BIT 5 IS ON A "ONE" IN THE 1ST HALF 
OF FUNCTION 0, THE DMA20 DOES NOT IMPLEMENT THE INCOMPLETE 
CICLE BIT AND THE MA20 AND MB20 CONTROLLERS DO NOT IMPLEMENT 
THE READ OR WRITE PAR ERROR BITS, 

BITS 6 • 7 THESE BITS REPORT THE INTERLEAVE MODE OF THE 
CONTROLLER WITH THE COMBINATION USED TO INDICATE AN OFF 
LINE OR NON EXISTENT MEMORy CONTROLER, 

BITS 8 • 35 THESE BITS CONTAIN THE ADDRESS INFORMATION OF 
THE MOST RECENT CICLE OR OF THE IST PARITY ERROR, BITS 8 • 
I I CONTAIN THE SBUS RGO - RQ3, BITS 12 AND 13 THE R0 AND WR 
RQ AND BITS 14 - 35 THE SBUS ADR BITS, THIS FEATURE IS NOT 
IMPLEMENfEO IN THE MA20 OR M820, 



3, FUNCTION 1 
3,1 TO MEMORY 



BITS • 4 
FUNCTION 3 



MEMORY CONTROLLER ADDRESS (SEE 



BITS 5 « 11 



EJiPANDSlON 
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BIT 12 liOOP AROUND MODE, tiOOP AROtfNO NOOE 

IS A 0lAGNOSTiC FEAfURE USED fOR 
CHECKING DATA TRAHSFERS BEfWEEfJ fHE 
MBOX AND THE MEMORY DATA REGISTER IN 
EACH MEMORY STORAGE MODULE WITHOUT 
GOING THRU THE CORES, A LOOP AROOWO 
CICLE CONSISTS OF THE WOhhOnHG 
.STEPS! ■ ■ 

1 , SET LOOP AROUND MODE USING 
rUNCTIOH I DIAGNOSTIC C¥CLE, 

2, DO AN ORDIMARy WRITE CTCLE 
TO km WORD IN THE SUiJECf 
CONTROLLER. 

3, DO AN ORDlHARy READ CyCKE TO 
THE SAME WORD IN THE SAME 
CONTROLLER IN (2), 

LOOP AROUND MODE IS 

AUTOMATICALLY CLEARED S¥ THE 

HARDWARE AFTER SflP (3) 
ABOVE, 

SIT 13 FUTURE 

BITS 14 • 21 MEMOR? CONTROLLER ADDRESS SQUMDARIES 

THESE SITS ARE USED TO SET UP PART OF THE ADDRESS BOUNDARf 
FOR EACH MEMORy CONTROLLER, BITS 14 • 17 CORRESPOND TO SBUS 
ADR 14 » 17 AND ARE SET UP THE SAME WAY AS ADDRESS SWITCHES 
ON CURRENT MEMORIES, A MATCH BETWEEN BITS 14 • 17 AND BITS 
14 • 17 or THE SBUS ADDRESS LINES IS ONE OF THE CONDITIONS 
NECESSARf TO START A MEMORY CYCLE, NOT IMPLEMENTED IN 
DMAaO, 

BITS 18 • 21 CORRESPOND TO SiUS ADR 18 • 21 AND DETERMINE 
THE LOWER ADDRESS BOUNDARy FOR THESE SITS. MA20 CONTROLLER 
USE BITS 18 • 21 SINCE THE STORAGE MODULES ARE UK WORDS 
WHEREAS Mi20 CONTROLLERS IGNORE Bit 21 SINCE THE STORAGE 
MODULE SIZE IS 32K WORDS, BITS 18 • 2L ARE SET UP TO 
ADDRESS THE LOWEST ADDRESS STORAGE MODULE WITHIN A MEMORY 
CONTROLLER CONSTRAINED 1¥ THE HARD WIRED BITS SHO«N IN 
FIGURES 3 AND 4, A SECOND CONDITION FOR STARTING A MEMORY 
CYCLE IS THAT SBUS ADDRESS BITS 18 - 21 ARE ^ THE LOWER 
BOUNDARY REGISTER j 

NOT IMPLEMENTED IN DMA20, 

BITS 22 •25 MEMORY CONTROLLER ADDRESS BOUNDARY 

THESE BITS IN COiaUNCTION WITH 14 - 21 DEFINE THE ADDRESS 
BOUNDARIES FOR EACH MEMORY CONTROLLER, BITS 22 •25 
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CORRESPOND fOSBUS ADR 18 - 21 AND DETERMINE THE UPPER 
ADDRESS iOUNDARY FOR THESE BITS, AS AiOVE, THE MA20 USES 
BITS 22 • 25 AND THE MB20 IGNORES BIT 25, BITS 22 - 25 ARE 
SET TO ADDRESS TBE KIGHEST ADDRESS STORAGE MODUtE WITHIN A 
MEMORY C0NTROi,l.ER CONSTRAINED St THE HARD WIRED BITS SHOWN 
IN riGORES 3 AND 4, A THIRD CONDITION FOR STARTING A HEMOR¥ 
CyCIiE IS THAT SiUS ADR BITS 18 - 2 J ARE « THE UPPER BOUNDARY 
REGISTER, 

NOT IMPliEMENTEO IN 0MA20, 

THEREFORE IN ORDER TO START A MEMORf C«CLE IN AM INTERNAI* 
MEMORY, IT IS NECESSARf TO MEET THE THREE CONDITIONS 
SPECiriCD ABOVE AND IN ADDITION SBUS RQN MUST MATCH SBUS R«N 
ENABLE SET UP IN BITS 8 - 11 OF FUNCTION 0*T0 MEMORY, 
ANOTHER WAY OF MAKING A MEMORY CONTROLLER APPEAR TO BE OFF 
hint IS TO SET THE UPPER BOUNDARY REGISTER TO LOWER VALUE 
THAN THE LOWER BOUNDARY REGISTER OR VICE VERSA, 

BIT 26 THIS 8IT MUST IE A "ONI" TO ENABLE LOADING OF BITS 14 
• 25, OTHEREWISE BITS 14 • 25 ARE IGNORED, NOT IMPLEMENTED 
IN OMA20, 



BITS 27 - 30 


TURN 


ON 


THE 


BELOW, 














27 


28 


29 30 

























% 












I X 









1 


X 






1 





X 



MARGIN AS SPECIFIED 



NO OP 

CLEAR ALL MARGIN 
CURRENT MARGIN 
STROBE MARGIN 
THRESHOLD MARGIN 



THE "X" IN BIT 30 POSITION ABOVE MEANS TMAf BIT 30 SELECTS 
LOW MARGIN WHEN "ZERO* AND HIGH MARGIN WHEN A "dNE", ONLY 



ONE MARGIN AT A TIME MAY BE TURNED ON, 
0MA20, 



NOT IMPLEMENTED IK 



BITS 31 • 35 FUNCTION COPE SOI FOR FUNCTION I, 



3,2 FROM MEMORY 

BITS - 7 



FUNCTION 02 • 37 ARE RESERVED FOR 

FUTURE i 
EXPANSION, MA20 AND MB20 
CONTROLLERS ONLY DECODE BIT 35 OF 
THIS FIELD, 



THESE BITS INDICATE THE NUMBER OF 
STORAGE MODULES PER CONTROLLER, 
EACH BIT ON A «ONE« INDICATES THE 
PRESiMCE OF A STORAGE MODULE, IF 
ALL BITS ARE MEANS DON'T KNOW 
SIZE, OMA20 SENDS BACK 0, 
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BITS 8 - U 



BIT 12 



NOTE* 



BIT 13 

BIT t4 • 21 

BITS 2.2 • 25 

BITS 26 - 29 
BIT 30 
BIT 31 
BITS 32 • 35 



MA20 & MB20 INDICATES 
MODUIjES as FOLliOWS, 
12 3 4 5 



STORAGE 



6 7 

1 SMO 

1 SMI 

1 S«2 
SM3 






1 
MEMORY TIPE 

* CUSTDMER 

1 » MA20 

2 8 0MA2O 

3 «J-^MB20 

4 • 17 EXPANSION 

8 
tOOP AROUND SET 

Til FOIifcOWING BITS (13 -353 ARE MOT 
IMPLEMENTED IN DMA20, 

RESERVED FOR rUTURB 

ADDRESS BOWKDARy SET UP IN 1ST HAl^f 
OF FINCTIOK 1 

ADDRESS 80UNDAR¥ SET UP IJ 1ST HAW 
OP FWUCTIOM 1 

EXPANSIOfi 

MARGIMS SELECTED 

EXPANSION 

IMDICATgS WHICH WORD RQS ARE ENABLED 

32 • SBUS RQO ENABLE 

33 • SBOS ROl ENABLE 

34 • SBWS RQ2 ENABLE 
15 • SBWS Rtt3 ENABLE 



4, IMTERLEAVMa 

INTERLEAVING FOR CURRENT EXTERNAL MEMORIES ON THE KLlO IS 
HANDLED EXACTLf THE SAME WAf IT IS FOR KA/KI MEMORIES, THAT 
IS, THRU THE 2 INTERLEAVE SWITCHES ON THE PORT ADDRESS 
SWITCH PANEli* WHICH INTERCHANGE MA BITS 34 AND 35 MITH THE 
TWO LOW OROEl UNIT SELECT BITS, 



DMA20 IN INTERLEAVE 1 MODE I ADDRESS S. 
MAY BE SIT IN ANY CONFIGURATION, 



INTERLEAVE SWITCHES 



INTERLEAVE 2 MoOEj ALIi MEMORIES MUST BE SET FOR 2*WAY OR 
4-WAY INTERLEAVING! ALL MEMORIES ON KBUSO AND KBUS2 MUST BE 
SET TO RESPOND TO EVEN, ADDRESSES I ALL MEMORIES ON RBttSl 
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AND KBUS3 MUiT RESPOND fO ODD ADDRESSES, 

INTERLEAVE J MODEt ALL MEMORIES MUST BE SET FOR 4-WAY 
INTERLEAVING! ALL MEMORIES ON K8USN MUST RESPOND TO ADR 34, 

3S^»- N,: ■ 

SELECTION or ONE OF fME THREE INTERLEAVING MODES FOR 
INTERNAL MEMORf IS DONE T«RW TflE DIAGNOSTIC CYCLE AS 
PREVIOOSLX DESCRIBED, THE STORAGE MODyLES, ASSOCIATED WIfH 
EACH MEMORir CONTROLLER, ARE ASSIGNED TO A FIXED PORTION OF 
THE CONTROLLER ADDRESS SPACE WHICH IS DEPENDENT ON THE 
IlifERLEAVE MODE, AS SHOWN IN FIGURE 3 FOR MA20 AI«D FIGURE 4 
FOR MB20, A MEMORY CONfROLLER CAN OCCWY THOSE REGIONS OF 
THE ADDRESS SPACE SASSIGNED BY BITS 14 • 25 OF FUNCTION 1, 

THE STORAGE MODULES OCCttPf CONTIGUOUS 1§K BLOCKS WITHIN A 
CONfROLLER»S ADDRESS SPACE. 

IN INTERLEAVE 2 MODE, STORAGE MODULES - 3 ARE DECODED BY 
ADDRESS Bits 19 & 20 WHILE THE DISTINCTION BETWEEN EVEN AND 
ODD CONTROLLER IS MADE BY SBUS RQO OR RQ2 AND SBUS RQl OR 
RQ3 RESPECTIVELY, THEREFORE, IN INTERLEAVE 2 MODE IT IS 
NECESSARY TO HAVE STORAGE MODULES IN EACH CONTROLLER THAT 
DECODE BITS 19 & 20 THE SAME, INTHISMOOE^ A CONTRDLLER 
MAY CXCI*E ONLY ONE STORAGE MODULE/MEMORY CYCI>E HOWEVER 2 
CONTROLLERS MAX CYCLE IN PARALLEL WITH A RESULTANT OF TWO 
WORDS/ MEMORY CYCLE, 

IN INTERLEAVE 3 MODE, THE STORAGE MODULE DECODING Is DONE BY 
SBUS ADR BIT If 4 SBUS RQ N AS SHOWN, fHIg MODE REQUIRES 
THAT EACH CONTROLLER HAVE THE SAME NUMBER OF STORAGE MODULES 
WHICH MAY BEj SMO AND SMI, OR SM2 AND SM3, OR SMO • S»3, 
IN THIS MODE, A CONTROLLER MAY CYCLE 1 OR 2 STORAGE MODULES 
IN PARALLEL AND TWO CONTROLLERS MAY CYCLE IN PARALLEL WITH A 
RESOLfANT or 4 WORDS/MEMORY GYCI.E, 



A METHOD FOR MAKING A STORAGE MODULI APPEAR TO BE OFF LINE 
IS THE FOLLOWINGl SET THE LOWER ADDRESS BOUNDARY REGISTER 
TO MATCH THE ADDRESS OF THE NEXT STORAGE MDULfi AND SET THE 
UPPER ADDRESS BOUNDARY REGISTER TO MATCH THE ADDRESS OF THE 
HIGHEST ADDRESS STORAGE MODULE, FOR EXAMPLE, REFER tO 
FIGURE 3 AND ASSUME TEAT IT IS DESIRED TO MAKE SMI aPFEaR TO 
BE OFF LWEI THEN ASiUMiNG WE ARE WORKING IN THE LOWEST 
REGION or THE ADDRESS SPACE, THE I«0«ERADORESS> BOUNDARY 
REGISTER WOULD BE SET TO 0010 AMD THE UPPER AOORESS BOUNDARY 
REGISTER TO 0100, USING THIS SCHEME ANY NUMBER Or 
CONTIGUOUS STORAGE MODULES MAY BE DlSEl^ECfED IN lUfgRLEAVE 1 
MODEi IK INTERLEAVE 2 MODE IT IS POSSIBLE fO DESELECT ANY 
NUMBER OF PAIRED CONTIGUOUS STORAGE MODULES IN A PAIR OF 
INTERLEAVED MEMORY CONTROLLERS CFOR EXAMPLE, SM2 IN MA20 
CONTROLLERS & lit IN INTERLEAVE 3 MODE IT IS POSSIBLE 
ONLY TO DESELECT ONE OR BOTH Of THE GROUPS OF 4 WAY 
INTERLEAVED STORAGE MODULE IN A PAIR OF INTERLEAVED MEMORY 
CONTROLLERS (FOR EXAMPLE, SMO AND $M1 IN CONTROLLER AND 1 
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OR SM2 AND SM3 IN CONTlOLfcERS AND I OR SMO • SM3 IN 

CONfROtl^EBS ANO U, IT IS AliSO POSSIBLE TO DESEI^fCI' A 

STORAGE MODUIiE B¥ 1MTROO«C1NG A HOMCS) INTO THE PAGE 
TABLES, 

[END or Ci3S07jSFC3 
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ABSTRACT 

THE MASSBUS C0NTR0I,1,ER (RM20) IS AH INTERFACE BET«EEK THE KhlQ 
CBUS AND UP TO 8 HIGH SPEED MAGTAPE MASTER DRIVES, DRUMS, 
AHD/OR DISKS. EACH DEVICE MUST MEET THE "MASSBUS INTERFACE 
STANDARD", THIS CHAPTER Al,SO DESCRIBES THE BUILT-IN CHANNELS, 
WHICH ARE LOCATED I« THE M80X, EACH C0NTR01.I.ER HAS ITS OWN 
CHANNEL, 
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I, GENERAI, 

fHE MASSBOS CONfROtLER (RH203 IS AH INTERFACE BEtiEEN THE Kl,iO 
EBm, cms AND UP TO 8 DEVICES PROVIDED TWAf EACH DEVICE (DRUft, 
DISK, MASfAfE, SfC.) MEET fHE "MASSBUS INTERFACE STANDARD", 
THE C0NTROi,I.ER WILL HAVE SUFriClEKT HARDWARE FEATURES TO 
INTERFACE TO SINGJ^E-PORTED DRIVES AS mhh AS DUAI,»PoRTEO DRIVES 
AND WIl.1* AliiOW TiMESHARED SWAPFING AMD PAGIKa SOFTWARE TO 
OPERATE THE SYSTEM EFFlCIENTl.y WITH MINIMUM LATENCY, WP TO 
BIGHT CONTROiJLERS CAN SE CONNECTED TO A KtlO SfSfEM AND ONE OR 
MORE CONTROLLERS CAN OPERATE CREADING, WRITING, EfC,3 
SIMULTANEOUSLY, ONLY ONE DEVICE PER CONTROLLER CAN TRANSFER 
DATA AT AN¥ ONE TIME 8UT NON-OATA TRANSFER COMMANDS (SEEK, 
REWIND, ETC,) CAN OVERLAP AND CAN IE ISSUED TO ANY DRIVE AT AMY 
TIME AND CAN INTERRUPT ON COMPLETION EVEN DURING A TRANSFER, 
FURfHERMORE THE SOFTWARE CAN KEEP ONE COMMAND AHEAD SO THAT 
AOaACENf SECTORS CAN BE ACCESSED WITH NO LATENCY EVEN THOUGH 
SWITCHING TRACKS OR DIRECTION OF TRANSFER, 

EACH MASSSUS CONTROLLER IS CONNECTED TO THE MEMORY SYSTEM WITH 
ITS OWN BUILT-IN CHANNEL, THE CHANNEL PROVIDES SCATTER*GATHER 
CAPABILITY IN MBMOKY AND READ BACKWARDS (FOR MAGNETIC TAPE). 
THE CHANNELS PASS PARITY TO AND FROM THE 18 BIT ♦PARITY 
MASSBUS AND THE 36 SIT ♦ PARITY MEMORY, PARITY IS CHECKED ON 
80TH SIDES OF THE CHANNEL. 

FEATURES WILL BE INCLUDED TO ALLOW PROGRAM DIAGNOSIS OF THE 
CONTROLLER WITH OR WITHOUT ANY DEVICE ATTACHED TO THE 
CONTROLLER. NEITHER INDICATORS NOR OFF-LINE TEST MODE WILL BE 
PROVIDED, 

FROM THE PROGRAMMER'S POINT OF VIEW THERE ARE TWO SETS OF 
PROGRAMMABLE REGISTERS PROVIDED lY THE Rtt20, INTERNAL AND 
EXTERNAL, INTERNAL REGISTERS ARE CONTROLLER REGISTERS AND 
CONTAIN INFORMATION ASSOCIATED WITH THE CURRENT OR NEXT 
TRANSFER OR WITH IMFORMATION FOR ALL OF THE DRIVES, THE 
EXTERNAL REGISTERS ARE DRIVE REGISTERS AND CONTAIN INFORMATION 
ASSOCIATED WITH A PARTICULAR DRIVE, THE PROGRAM MUST SPECIFY 
WHICH DRIVE IT IS INTERESTED IN iEFORi REFERRING TO AM EXTERNAL 
REGISTER, THUS THE RH20 PROVIDES A WINDOW TO THE EXTERNAL 
REGISTERS IMPLEMENTED IN THE DRIVE, 

FIG, 1 SHOWS THE KHO MASS STORAGE SYSTEM BLOCK DIAGRAM, 

TWO RH20S CAN BE ATTACHED TO THE SAME MASSBUS* ALTHOUGH ONLY 
ONE CAN BE ENABLED AT A TIME, THE SOFTWARE CAN DYNAMICALLY 
DISASLE ONE AND BNAiLE THE OTHIR TO PROVIDE FOR A FAlLSOFT 
RECOVERY FROM A FAILING CONTROLLER IN A SINGLE OR 
MULTI-PROCESSING SYSTEM, 



2, REFERENCE 
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1, "MASSBUS INfERFACE STANDARD* AS REVISED 

2, "DISK, DRUM, AND MAGTAPE I/O ON THE Kl.JO« (PAUI, 
GTOl^IEIiMI, NOVEMBER 2, 49723 AS REVISED 

3, "EBUS SPECiriCAflON" (VIC KU, APRIli 17, 1973) AS 
REVISED 

4, »CiUS FUNCTIONAL SPECIFICAf IOK« (VIC* KUi APRIl. 25, 
1971) AS REVISED 

5, "ADVANTAGES OF A SECONDARf INSTRUCTION REGISTER IN THE 
KhlQ MASS8US CONTROi,i.ER» (TOM HASTINGS, NOVEMBER 16, 
1972) 
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3, COMTROliI^ER AND DEVICE SPECIFICATIONS 

PORTIONS OF THE roiifcOWlsa PIRAORAPHS ARE EXTRACfEO FROM MEMOS 
J^ISTEO Hi 2,0, 

3,1 DEVICE CODE 

EACH C0ifROl*LgR IS ASSiaNSO 0»E UNiaUE DEVICE CODE, A TOf Al, OF 
EIGHT DEVICE CODES HAVE lEEN ASSISTED SINCE UP TO EJ6ET 
CONTROLLERS CAN EXIST in A KLIO SXSTE», THE DEVICE CODE 
ASSIGNMENTS ARES 



CONTROLLER 


DEVICE 
CODE 


SIMBOL 


CONTROLLER'S 

PHYSICAL 

NUMBER 


EPT- 
LOCATION 


1ST 


§40 


MBCO 








2ND 


544 


MBCl 


1 


4 


3RD 


550 


M»C2 


2 . 


10 


4TH 


554 


M0C3 


3 


14 


5fH 


560 


MBC4 


4 


20 


6TH 


564 


MSC5 


5 


2* 


7fH 


570 


M8Ci 


6 


30 


8fl 


57 4 


M0C7 


7 


34 



3,2 PHYSICAL CONTROLLER NUMftER 

EACH CONTROLLER IS ASSIGNED A PHYSICAL NUMBER ACCORDING TO THE 
PaySICAL SLOTS INTO WHICH THE CONTROLLER MODULES RESIDE, BOW 
THE DEVICE CODE AND THE PHYSICAL NUMBER Of THE CONTROLLER WILL 
BE HARD WIRED ON THE KLlO BACK PANEL, 

THE PHYSICAL NimBER OF A CONTROLLER IS USED BY THE E80X TO 
iDENTiri THE SOURCE OF PRIORITY INTERRUPTS, 

3^3 COMMAND REOISTER 

EACH CONTROLLER WILL HAVE T«Q COMMAND REGISTERS (PRIMARY AND 
SECONDARY), A COMMAND IN THE PRIMARY COMMAND REGISTER SHALL SE 
EXECUTED IMMEDIATELY PROVIOEO NO TRANSFER ERROR CONDITION 
(DEFINED IN 6,3) IS DETECTED IN THE CONTROLLER, THE SECONDARY 
COMMAND REGISTER SERVES AS A COMMAND LOOKAHEAO, 

THE COMMAND IN THE SECONDARY COMMAND REGISTER WILL 8E EXECUTED 
AS SOON AS THE COMMAND IN THE PRIMARY COMMAND REGISTER IS 
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TlRMII4AfE0 AND NO TRANSrBR ERROR IS DETECTED IM T«£ COHTROI1I.ER, 
CAUTIO«| mhY READ/ WRITE COMMAMDSSHALl* BE LOADED INTO THE 
COMMAND REGISTERS, THE PROGRAMMER SHAW LOAD NON READ/WRITE 
(SEEK REliIND ETC,) COMMAND OIRECTliy INTO THE DRIVE'S "CONTROL 
REGISTER", THE SECOStDARy COMMAND REGISTER ALLO**S THE SOffWARE 
TO SPECiry THE NEXT cmUkHp TO Si DONE BEFORE THE CONTROLLER 
HAS FINISHED THE CURRENT ONE, THIS MEANS THAT THE CONTROLLER 
CAN START THE NEXT COMMAND IMMEDIATELY AFTER THE CURRENT 
COMMAND 1$ BONE INSTEAD OF WAITING FOR A SOFTWARE INTERRUPT 
ROUTINE to SUPPLI THE NEXT COMMAND. SUCH A NAIT WOULD CAUSE 
tm NEXT SECTOR TO BE MISSED, WITHOUT THIS, THE SOFTWARE CAN 
ONLY TRANSFER iVlRY OTHER BLOCK OR PAGE FOR DIFFERENT USERS, 

3.4 INTERRUPT 

THE CONTROLLER WILL INTERRUPT THE PROCESSOR IMMEDIATELY WHEN? 

1, A R/W COMMAND IS TERMINATED (WITH OR WITHOUT TRANSFER 
ERROR) 

2, AN « ATTENTION" SIGNAL (CAUSED B¥ SEEK COMPLETE, ETC,) 
IS DETECTED ON THE MASSBUS B3f THE CONTROLLER PROVIDED 
THAT '♦ATTENTION INTERRUPT ENABLE (SEE 6,4) IS TRUE, 

3, A "REGISTER ACCESS ERROR" IS DETECTED IN THE CONTROLLER 
WHEN A DRIVE REGISTER IS LOADED OR READ (SEE 6,1,03 

3.5 EBUS & CBUS 

THE CONTROLLER SHALL INTERFACE TO ONg E8US AND ONE CiUS, ALL 
DATA TRANSFER TAKES PLACE OVER THE CBUS AND THE COMMANDS ARE 
LOADED VIA THE EBUS, REGISTER READ/WRITE AND STATUS READ/WRITE 
ARE PERFORMED VIA THE EBUS, 

3.6 DEVICE 

THE CONTROLLER SHALL BE DESIGNED TO MEET THE "MASSBUS INTERFACE 
STANDARD" AND SHALL CONTROL DEVICES (FiXED»HEAD DISK, DRUM, 
MOVING- HEAD DISK, MAGTAPE DRIVE, ETC.) THAT MEET THE "MASSBUS 
TNTERFACE STANDARD", EACH DEVICE SHALL IMPLEMENT A SUBSET OF 
THE STANDARD. DETAILED SPECIFICATIONS OF EAC« DEVICE (RS04, 
RP04, TU16, ETC,) W1I*L BE MADE AVAILABLE m TttE OEVICg 
DESIGNER, 



4, REGISTERS ACCESSIBLE 8¥ SOFTWARE 
4,1 REGISTER SUMMARY 

THERE ARE TWO GROUPS OF REGISTERS ACCESSIBLE BY THE PROGRAMMER! 
1, REGISTER® IN A DRIVE (EXTERNAL) hm 
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2. REGISTERS IN A CONTROLLER (INTERNAL) 

TABLE 1 LISTED ALI, THE REGISTERS IN THE CONTROLLER AND TABLE 2 
LISTED ALL THE REGISTERS IN THE DRIVE (NOT ALL DRIVES WILL 
NECESSARILY IMPLEMENT ALL REGISTERS). IN THESE TABLESf "READ" 
MEANS TO TRANSFER A REGISTER TO THE ESOXf » WRITE" HE4NS TO 
LOAD A REGISTER FROM THE EBOXt 

THE PRIMARY (SECONDARY) COMMAND REGISTER IS MADE UP OF TWO 
INTERNAL REGISTERS? 

1, PRIMARY (SECONDARY) BLOCK ADDRESS REGISTER AND 

2, PRIMARY CSECONDAR if) TRANSFER CONTROL REGISTER 

REGISTER NAME BRIEF DESCRIPTION 



ReG.# READ/ 
(OCTAL) WRITE 

70 



71 



72 



73 



74 



7§^ 



7& 



77 



R/W 


SECONDARY 

BLOCK 

ADDRESS 


R/W 


SECONDARY 

TRANSFER 

CONTROL 


READ 

ONLY 


PRIMARY 

BLOCK 
ADDRESS 


READ 
ONLY 


PRIMARY 

TRANSFER 

CONTROL 


R/W 


INTERRUPT 
VECTOR INDEX 
REGISTER 


READ 
ONLY 


READ 
REGISTER 


WRITE 
ONLY 


WRITE 
REGISTER 


WRITE 
ONLY 


DIAGNOSTIC 
CONTROL 



CONTAINS THE STARTING 

BLOCK ADDRESS (DISKS) 

OR NUMBER or FRAMES (MAGTAPE) 

OF THE BACKUP COMMAND, 

CONTAINS THE BLOCK 
COUNT AND THE FUNCTION 
CODE OF THE BACKUl' COMMAND, 

CONTAINS THE STARTING 

BLOCK ADDRESS (DISKS) 

OR NUMBER OF FRAMES (MAGTAPE) 

OF THE PRIMARY COMMAND, 

CONTAINS THE INITIAL 

BLOCK COUNT AND 

FUNCTION CODE Of THE PRIMARY 

COMMAND, 

CONTAINS THE INTERRUPT 

VECTOR USED DURING 

PRIiSlTY INTERRUPT OPERATION, 

CONTAINS DATA RECEIVED FROM 
THE MASSflUS DATA BUS, USED TO 
VERIFY DATA DURING A DIAGNOSTIC 
WRITE OPERAf ION 

CONTAINS DATA TO BE SENT OUT 
TO THE MAS5BUS DATA BUS DURING 
A DIAGNOSTIC READ OPERATION, 

CONTAINS DIAGNOSTIC BITS 

TO Simulate MASSBiis 
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REGISTER 



OPERATIONS, 



BRIEr DESCRIPTION 



R1S» # 


READ/ 

WRITE 


RJEOfSTER 

NAME 


00 


R/W 


CONTROl, 


01 


READ 
0»I*¥ 


STATUS 


02 


R/K 


ERROR I 


03 


R/W 


MAIKfESABCE 


04 


R/W 


ATTEMTIOM 
SUMMARY 



05 

00 
07 
10 

12 
13 
14 



R/W 


DESIRED 
SECTOR/ 
TRACK ADDRESS 


READ 
0*1 liY 


DRIVE TypE 


READ 
OMLY 


liOOK-AHEAD 


R/W 


ERROR 2 


R/W 


orrsET 


R/W 


DESIRED 

C¥i:»I«0ER 

ADDRESS 


READ' 
0«l,f 


CURRENT 

CyiilNOER 

ADDRESS 


READ 

mm 


SERlAIi 
SOMBER 



CONTAINS rONCflOfi CODE AMD 
BIT,/ 



60 



CONTAINS Alifc HOIi-ERROR STATUS 
INFORMATION Pl^WS THE ERROR 
SUMMARY BIT, 

IWDIVIDUAl. ERROR INDICATIONS 

CONTAIN DIAaNOSf IC MAIN» 
TAINANCE FUHCTlOiS, 

SPECIAI* PSeWDO-REGlSTER 
WHICH SHOWS THE "ATTENTION 
ACTIVE» STATUS OF Aili DRIVES, 
ONE BIT PER DRIVE, (WRITE A J 

TO RESET SITS IN DRIVE) 

CONTAINS ADDRESS OF A TRACK 
AND SECTOR TO BE READ OR 
WRITTEN, 

BITS TO INDICATE THE 
CHARACTERISTICS OF THE DRIVE, 

CONTAINS THE CURRENT ftOTAf lONAL 
POSITION OF A DISK, 

CONTAINS A0DITI0NAI/ ERROR BITS, 

CONTROL OF OFFSETTING OF 
MO VAlIiE HEADS, 

CONTAINS ADDRESS OF A 

CYl,INDER TO WHICH A SEEK IS 

TO BE DONE ON MOVING HEAD' DISK, 

CONTAINS THE CYi^lNDER 
ADDRESS CORRESPONDING TO THE 
CURRENT ARM POSITION, 

CONTAINS THE l,OWEST FOUR 
DECIMAL DIGITS OF THE SERIAl* OF 
THE DRIVE, 
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l^ 


R/W 


ERROR 3 


16 


READ 
ONLY 


ECC POSriOM 


17 


REAO 
QHht 


ECC PAffERN 



CONTAINS MORE ERROR BITS, 

COifAINS THE POSITlOir OF A 
BURST ERROR, 

CONTAINS THE PATTERN OF A 
DETECTED BURST ERROR, 



4,2 OETAIJ* DESCRIPTIOH OF THE REGISTERS 

FIGURES 2, 3, AND 4 SSOW THE BJT MAPS OF fHE REGISTERS, 

4.2.1 WRIflNG AM IMTBRMAfc REGISTER 

TO l«R|TE A WRITABLE INTERNAL REGISTER, THE PROGRAMMER OSES A 

DATAO TO? 

r, SPECIFY THE DESIRED REGISTIR KUMIER (BIT 0»5 » 7X5, 
THE REGISTER NUMilft IS STORED IS THE COiTROtiLER 
CPREPARATION REG1STER3, 

2, SET THE "WAD REGISTER" BIT tliR) (8IT 6) TO I, 

3, SPECIFY THE CONTESf OF THE REGISTER (BIT 18 THRU 35) 
AFTER tOA0II«G IS 0OJ«E, 

4.2.2 READING AM IMTERNAI, CC0»TR0l,I,ER3 REGISTER 

TO READ A REAOAiltE IMTERSAI* REGISTER, THE PROGRAMMER USES A 

OATAO fO| 

1, SPECIFY THE 0ESIRED REGISTER NWMiER CUT 0*§ * 7X), 
THE REGISTER HilMBER IS STORED IM THE C0»TR0I.lifiR 
( PREPARATION REGISTER), 

2, SET THE "LOAD REGISTER" BIT (SIT 6) TO 0, SUBSEQUENT 
DATAI INSTRUCTIONS WII.li TRANSFER THE CONTEKTS OF THE 
DESIRED REGISTER CON DATA BITS 18 THROUGH 353 SpEC^IFIED 
BY THE CONfESiS OF THE "PREPARATION REGISTER" TO THE 
EBOX, BITS THROUGH 5 WII,!* CONTAIN THE REGISTER 
NUMBER FOR VERIFICATION, REPEATED DATAI INSTRUCTIONS 
WlliL READ THE SAME REGISTER PROVIDED THAT NO DATAO lilTH 
m « OR 1 IS DON! IN BETWEEN, IN OTHER WORDS, DATAI 
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Wll^l* khmXS READ THE RiaiSTER SPECIFIED BY THE hh&t 
DAT AO , 

4.2.3 WRITING AN EXTERNA!, CPRIVE) REGISTER 
THE PROGRAMMER USES A DATAO f 01 

1, SPECiry THE DESIRED REGISTER NUMBER (BIT THROUGH 5, 
WITH BIT 9 0), THE REGISTER iWBER IS STORED IN TrtE 
CONTROLi^ER CPRiPARATION REGISTER), 

2, SET THE ^'I.OAD REGISTER " BIT (BIT 6) TQ I. 

3, SPECIFIf TME "DISABI^E REGISTER ACCESS ERROR STOP" BIT 
CSIT 9, DRAES), 

4, SPECIFY THE »C0STR0I# BUS EfEN PARITl" ilT (BIT 18), 

5, SPECIFY THE DRIVE NUMBER (BITS 15 • 17). 

6, SPECIFlf THE CONTENTS OF THE REGISTER (BITS 20 • 35) 
AFTER liOADING IS DOME, 

THE CONTROtifcER, ON DETECTING THE PATAO, nihh WAD THE SPECIFIED 
OilVi REGISTER VIA THE MASS8US, If THE «CONTR0l, BUS EVEN 
PARITY* BIT IS SET, THE CONTROlifcER Wll^L GENERAlE EVEN PARITY, 
OTHERWISEf ODD PARITY IS GENERATED (EVEN PARITY IS PROVIDED FOR 
DIAGNOSTIC PURPOSES AS OSUAI.I4Y THIS BIT WIl.I« BE 0), IF THE 
DRIVE DOES NOT RESPOND PROPERLY (SEE 6,10) »REGISTER ACCESS 
ERROR" (CONl BIT 24) «Il.I* BE SET, »REGI5TER ACCESS ERROR" WIW 
GENERATE AN INTERRUPT AND MILL INHIBIT THE PROGRAM FROM WRITING 
ANYMORE REGISTERS (INTERNA^ OR EXfERNAW UNJ^ESS "DlSABIiE 
REGISTER ACCESS ERROR STOP" WAS SPECIFIED BEFORE THE ERROR IS 
MADE, IN THIS CASE MO INTERRUPT WIl^Ii BE GENERATED BY "REGISTER 
ACCESS ERROR" AND ANY REGISTER CAN BE ACCESSED FREEliY, A DATAI 
» 11,1^ Al» WAYS READ BACK THE REGISTER JUST l^OADEO AND CAN BE USED 
TO READ BACK THE REGISTER NUMBER AND THE DRIVE NUMBER FROM 
WHICH THE "REGISTER ACCESS ERROR" WAS MADE, THIS INFORMATION 
WlLl. BE USEFUI, IN THE ERROR REPORTING SYSTEM, 

4.2.4 READING AN EXTERN Afc (DRIVE) REGISTER 

TO READ A READABLE DRIVE REGISTER, THE PROGRAMMER USES A OATAO 

fOl 

J, SPECIFY THE DESIRED REGISTER NUMBER (Bit - 5, WITH 
BIT * 0), THE REGISTER NUMBER 15 STORED IN THE 
"PREPARATION REGISTER »«, 

2, SET THE "WAD REGISTER" BIT (BIT 6) TO 

3, SPECIFY THE "DISABLE REGISTER ACCESS ERROR STOP" BIT 
(BIT w, DRAES) 
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4, SPECiry Bit 1« «CONfROL BUS EVEN PARIfY" 

5, SPECirx THE DRIVE NUMBER (BITS 15 - 17) 

SUBSESUENf DAfAl nhh- TRANSrER TO THE EBOX, VIA fHE EBUS, 

1, THE CONlEllf§ OF THE DESIRED REGISTER CUT 20 • 35) 

2, TME PARITl SIf SENT IN B^f THE DRIVE CBII 19) 

3, "CONTROI. itfS EVEN PARITY" CBIf 18) • BIT SPECIFIED Bf 
THE PREVIOUS DAfAO 

4, "DRIVE SEliECT REGISTER" CBIT 15 - 17) - DRIVE NUMBER 
SPECIFIED Bt THE PREVIOUS DAfAO 

5, BITS li«14 ARE NOT USED AND RETURN ZERO'S 

6, "fRA" (BIT 10) • THIS BIT Wllrl, il SET IF THE DRIVE 
RESPONDS WITH "TRANSFER* CfHIS IS THE NORMAl, DRIVE 
RESPONSE) 

7, "DISABI^E REGISTER ACCESS ERROR STOP* CBIT 9) 
SPECiriiO Bt THE PRiViOUS DATAO 

8, •CONTROl* BUS PARITY ERROR" (BIT 8) • THIS BIT IS SET IF 
THE CONfROlitiER DETECOPS A PAKITf ERROR ON THE 16 MASSBUS 
CONTROI, WNES, THE CONTROliI^BR CHECKS FOR ODD PARITY 
ERROR WHEN READING AN EXTlRNAIi REGISTER OTHER f HAN THE 
ATTN SUMMARI REGISTER 

9* BIT 7 IS NOT USED 

10, BIT S C1.R) RETURNS 2ER0, 

11, "REGISTER SEI.ECT" (BIT • 53 SPECIFIED »X THE PREVIOUS 
DATAO 

THE "REGISTER ACCESS ERROR" BIT (CON! BIT 24) mhh BE SET IF 
"CONTROt, BUS PARITY ERROR* IS SET OR IF "fRA" IS NOT RECKIVED 
(IF A DRIVE IS NOT PRESENT A 20S TIMEOUT SETS RAE) , INTERRUPT 
mith BE GENERATED AND MADING Of ANX MORI REGISTERS Vlht &g 
INHIBITED UNliESS "DISABLE REGISTER ACCESS ERROR STOP" WAS 
SPECiriED IN THE "PREPARATION REGISTER". THUS A PROGRAM CAN 
WAD A NUMBER OF REGISTERS AND CHECK FOR A REGISTER ACCESS 
ERROR ONCE AT THE END (BEFORE THE OPERATION STARTS), IN THIS 
CASE NO INTERRUPT WIl*!, BE GENERAfED, REPEATED DATAI 
INSTRUCTIONS WII*!, ACCESS THE SAME DRIVE REGISTER, 

"TRA", "CONTROl, BPSPARITY ERROR" SIGNALS ARE GENERATED FOR EACH 
DATA! INSTRUCTION AND ARE NOT REMEMBERED IN THE CONTROLliifi 
EXCEPT B¥ SETTING THE REGISTER ACCESS ERROR BIT, 
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5, DEf AIliE0 DESCRlPflOi OF fHE INTERNAI. REClSi:iRS 

5.1 PRIMARY AND SECONDARif BJiOCK ADDRESS REGISTER (REGISTER 
NOMtERS 72 AKD 70) CPi*R AMD SPAR), THESE REGISTERS ARE 
CONTAINED IN 4X4 MEMORY CHIPS Oil THE MC%% HOFULE> THE BITS ARE 
CAliliEO SILE BIT XX(1), 

THESE REGISTERS CONTAIN T«E STARTING 8t.0CK ADDRESS (16 BITS) OF 
A DATA TRANSFER, IN THE CASE OF A DRUM OR DISK, THE BliOCK 
ADDRESS SPECIFIES THE STARTING SURFACE AND SECTION ADDRESS, iN 
f«E CASE OF A MAGTAPE DRIVE, THE BMCK ADDRESS RlGlSfER IS USED 
to SPECIF! THE NUMBER OF FRAMES PER RECORD TO BE WRITTEN OR 
READ, 

THE SECONDARY Bl^OCK ADDRESS REGISTER (SBA) MDST BE 1.0ADED 
BEFORE THE SECONDARy TRAfiSFER CONtROI. REGISTER €$fCR« 71) 
SINCE THE CONTROW,ER WI£«U EXECUTE THE COMHAUD AS S00« AS THE 
SECONDARlf TRANSFER COiTROl* REGISTER IS LOADED, IF THE NEXT 
SECTOR OR RECORD OF THE SAME DRIVE IS TO BE READ/WRITE, THE 
SECOiDARY BLOCK ADDRESS REGISTER NEED NOT BE LOADED, THIS 
WORKS BECAUSE MASSIDS DEVICES LEAVE THEIR BLOCK ADDRESS 
REGISTER INCREMENTED AND THE RH20 DOES NOT CHANGE THEM, IF SBAR 
iAS NOT LOADED WHEN STCR MAS LOADED, 

5.2 PRIMARY AND SECONDARY TlANSFlM CONTROL REGISTER (REGISTER 
NUMBERS 73 AND 7i) (PfC;R, SfCR), THESE REGISTERS ARE CONTAINED 
IN 4X4 MEMORY CHIPS ON THE M855$ MODULE, THE BITS ARE CALLED 
FILE BIT XXCl), 

THESE REGISTERS CONTAIN THE LENGTH (IN 2«S COMPLIMENT) OF THE 
DATA TRANSFER (NUMBER OF SECTORS OR RECORD) AND THE fUiCflON 
CODE TO SPECIFY A READ/MRITE OPERATION (NOTE TO PROGRAMMER! DO 
NOT LOAD ANY NON READ/WRITE FUNCTION CODE INTO THE SECONDARY 
TRANSFER CONTROL REGISTERS), IN THE CASE OF MAGTAPE, ONLY ONE 
RECORD AT A TIME SHALL BE SPEC iriEDi 

THE "RESET COMMAND LIST POINTER" BIT (FILE BIT 7), IF SET, WILL 
BE SENT AS A CBUS RBSEf TO THE CHANNEL (VIA THE CBUS) Af fHE 
BEGINNING OF A COMMAND EXECUTION TO RESET THE COMMAND LIST 
POINTER IN THE CHANNEL ASSOCIATED WITH THE CONTROLLER fO A 
PREDETERMINED VALUE (MEMORY LOCATION lERO OF THE «EX«C PROCESS 
TABLE" + 4 TIMES THE CONfROLLER'S PHYSICAL NUMBER 4-0), 

THE ••DISABLE TRANSFER ERROR STOP" BIT (FILE Bit 19), IF SET, IS 
USED TO OVERRIDE THE RH20 MASSBUS LOOPBACK "DATA PARITY ERROR" 
(CONI BIT 18) BITS AND "DRIVE EXCEPTION" (CONi BIT 19), THIS 
IS USEFUL WHEN THE PROGRAM WISHES TO RfiAD IN ALL DATA ALTHOUGH 
THERE IS A BAD SPOT ON THE DISK, FOR EXAMPLE, THE ERROR 
CONDITIONS ARE STORED AND CA« BE fSSlED WITH A CONI 
INSTRUCTION, NOTEl ONCE XFER ERR IS SET t»E Ri20 WILL SET 
DOME AND AABORf THE XfER, 

THE "STORE" BIT (BIT 10), IF SET* WILL BE SENT TO THE CHANNEL 
TO STORE ALL STATUS INFORMATIONS ASSOCIAtiD KITH THE CURRENT 
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WAMSFER INTO MEMORX SO fHAt THE PROGRAM CAN DEfSRMJNE THE 
EJtACl STATUS OF THE C0RRgliT TRANSFER, 

5,3 INTERRUPT VECTOR IN0EX REGISTER (REGISTER NUMBER 743 

BITS 27 THROUGH 35 ARE SPECIFIED BY THE PROGRAMMER AS A 
RELATIVE ADDRESS WITHIN THE iPT* ACTUALW THIS REGISTER IS NOT 
NEEDED, BUT WAS l*EFT IN WHEN THE EBUS HAS CHANGED TO At,M« AN 
ADDRESS REIiATlVE TO THE E?T. Ahh SUBSEQUENT DEVICES HAVE 
PREWIRED EPT RELATIVE ADDRESSES, tlRBADBOARDS EXEC VIRTUAL 
A0DRESS3, THE CONTROLLER WILL SEND THESE BITS, AS THE 
CONTROLLER'S INTERRUPT VECTOR, TO. THE EBOX (SEE "EBilS 
SPECIFICATION" FOR DETAILED INTERRUPT OPERATION), 

§,4 READ REGISTER (REGISTER NUMBER 75) 

THIS REGISTER IS USED MAINLY BT THE DIAGNOSTIC PROGRAMMER, 
DURING A DIAGNOSTIC WRITE OPERATION, DATA SENT OUT BX THE 
CONTROLLER (ON THE MASSSUS DATA BUS) CAN Bi MADE TO LOOP BACK 
TO THE READ REGISTER AND CAN BE READ IN FOR DATA VERIFICATION, 

S,5 WRITE REGISTER (REGISTER NUMBER 763 

THE REGISTER SHALL BE LOADED ONLY BX THE DIAGNOSTIC PROGRAMMER, 
CONTENTS OF THE WRITE REGISTER ARE USED TO SIMULATE DATA INPUTS 
TO THE CONTROLLER (ON THE MASSBUS DATA BUS) DURING A DIAGNOSTIC 
READ OPERATION, BITS Ig»35 ARE DATA BITS AND BIT 17 SHALL BE 
THE COMPUTED PARITY BIT (BY THE PROGRAMMER) FOR BITS 18«3S, 

i,6 DIAGNOSTIC CONTROL REGISTER (REGISTER NUMBER 7?) 

MOST MASSBUS OPERATIONS CAN BE SIMULATED BY THE BITS IN THIS 
REGISTER, 

S,6,l CLOCK (BIT 35) 

THIS BIT IS USED TO SIMULATE THE MASSBUS ^YN CLOCK SIGNAL. THE 
TRAILING EDGE OF THIS BIT WILL STROBE IN OR SEND OUT DATA 
FROM/TO THE MASSBUS DATA BUS, 

THE LEADING AND TRAILING EDGES OF THIS SIGNAL ARE GENERATED BY 
SIMPLY SETTING AND THEN RESETTING BIT 3§, 

S,f,2 AfTENTlON (BIT 343 

THIS BIT IS USED TO SIMULATE THE MASSBUS ATTENTION SIGNAL, 
INTERRUPT WILL BE GENERATED WHEN THIS BIT IS SET PROVIDE THAT 
THE ATTENTION INTERRUPT ENABLE BIT (C0«0 BIT 30) HAS BEEN SET, 

S,6,3 BIT 33 

NOT USED, 

S,§,4 E»L Cilf 323 
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THIS BIT nihh simhhT% the massbws ehd or iiocK signal, the 

BtOCK COUNTER WILL SE INCREMEMTED BX THE LEADING EDGE OF THIS 

aiT, 

5.6.5 EXEPTION (BIT 31) 

THIS SIT WILL SIMULATE THE HASSSUS iXCEPTlOi SIGWAL, THE 
SETTIKG OF THIS SISHAL ALONG WITH EBL (BIT 32) SET WILL 
TERMINATE THE CURRENT COMMAND PROVIOED THAT "DISABLE TRANSFER 
ERROR STOP" (5,2) IS NOT SET, 

5.6.6 READ/WRITE (BIT 30) 

THIS BIT, WHEN SET, WILL ENABLE OOTPWT DATA (ON THE MASSillS 
DATA BUS) TO BE LOOPED BACK TO BECOME INPUT DATA TO ENABLE 
TESTING OF THE DATA PATH AND THE DRIVERS/RECEIVERS, THIS BIT 
SHALL BE SET TO «t» ONLY FOR A READ SIMULATION AND SHALL BE 
CLEARED FOR A WRITE SIMULATION, 

§,6,7 EVEN PARITI CHECK (BIT 29) 

THIS BIT, WHEN SET, WILL ENABLE THE CONTROLLER TO CHECK FOR 
EVEN PARITlf, INSTEAD OF ODD PARITY, ON THE MASS8US CONTROL BUS, 
THE PARITI NETWORK CAN BE CHICKED 8¥ THIS MEANS, 

i,6,8 BLOCK ADDRESS REGISTER TEST (BIT 28) 

THIS BIT, WHEN SET, WILL INHIBIT THE CONTROLLER FROM SENDING 
OUT THE CONTENT OF THE SECONDARE TRANSFER CONTROL REGISTER TO A 
DRIVE, INSTEAD, THE SCCONDARIf BLOCK ADDRESS REGISTER IS SENT 
OUT TWICE AND CAN BE CHECKED BY THE DIAGNOSTIC PROGRAM, 

S,6,9 CONTROL BUS TEST (BIT 27) 

THIS BIT, WHEN SET, WILL LOOPBACK THE HASSBUS CONTROL BUS TO 
ENABLE TESTING OF THE DRIVES/RECEIVERS AND RELATED LOGIC, 
NOTES THE DIAGNOSTIC SOFTWARE MUST SELECT A DRIVE NUMBER WHICH 
IS NOT PRESENT OR IS NOT POWERED UP, THIS MAY NOT BE POSSIBLE 
IN A CONFIGURATION WITH 8 DUAL PORT DRIVES WITHOUT SOFTWARE 
INTERVENTION IN BOTH SYSTEMS, 

§,6.10 TRANSFER (BIT 26) 

THIS BIT, WHEN SET, WILL SIMULATE THE MASS8US TRANSFER SIGNAL 
TO BE GENERATED WHENEVER A DRIVE REGISTER IS BEING ACCESSED* 

5,7 DESCRIPTION OF THE DRIVE REGISTER - DUE TO THE SENSITIVE 
NATURE OF THE ««ASSBUS INTERFACE STANDARD" 

INTERESTED PEOPLE ARE RICOMMENDED TO OBTAIN COPIES OF THE 
SPECIFICATION FROM MR, aOHN LEVY (U/45 ENGINEERING), THE 
DRIVE REGISTERS, READ/WRITE OPERATION, DUAL PORT DRIVE 
PROTOCOL, ETC, ARE CLEARLY SPECIFIED AND DESCRIBED IN THE 
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SPECiriCAflON, 



6, STATUS REaiSTER (CONO ANOCOHI) 

ilT MAPS OF THE CONO ANO CONI ARE SHOWN IN FIG, 5, EVERY CONI 
SIT mUh BE Cl*EARC0 Sy AT l^EASf THE fOiitiOWlNG t«0 CONDITIONS 
EXCEPT WHERE SPECIFIEO, 

1, THE RESET SIGNAt FROM THE EBUSl OR 

2, CONO BIT 2S (CLEAR MASSBUSCONTBOI<I,ER), 

i,l BITS 33f 34f AND 3S»PRI0BlTf INTERRUPT CHANNEL 

INTERRUPT TO THE SPECIFIED PRIORITY INTERRUPT CHANNEL IS 
KNAiLE0 IF NOT ALL THE BITS ARE ZERO, 

CONDITIONS THAT CAUSE INTERRUPT AREl 

COMMAND DONE (SIT 32), MASSftUS ATTENTION (BIT 28) ir M»US ATTN 
BNB ( 1 ) IS SET AND REGISTER ACCESS ERROR (ilT 24) . IF DISABLE 
REGISTER ACCESS ERROR STOP 15 NOT SET (PRE REG ilT 09), 

6.2 BIT 32 • CO««AN» DONE 

THIS SIT IS SET WHEN THE COMMAND IN THE PRlMARf COMMAND 
REGISTER IS TERMINATED WITH OR WITHOUT TRANSFER ERROR, AN 
INTERRUPT WILL BE GENERATED, COMMAND DONE IS CLEARED BY CONO 
BIT 32 ss I (CLEAR COMMAND DONE), 

6.3 BIT 31 • PRIMARJf COMMAND REGISTER FULL 

THIS BIT IS SET WHEN A COMMAND IN THE SECOKDAR¥ COMMAND 
REGISTER IS TRANSFeRRED INTO THE PRIMARY COMMAND REGISTER WHEN 
THE PRIMARY COMMAND REGISTER IS NOT FULL AND ALL TRANSFER ERROR 
(IF ANY) CONDITIONS RESULTED FROM THE LAST TRANSFER iA¥E BiEN 
CLEARED, THE COMMAND IN THE PRIMARY COMMAND REGISTER WILL SE 
EXECUTED IMHEOIATELY, THIS BIT IS RESETS 

1, WHEN THE COMHANB IS TERMINATED WITH OR WITHOUT TRANSFER 
ERROR, 

2, BY CONO BIT 31 * I (STOP TRANSFER), 

TRANSFER ERROR CONDITIONS THAT MILL TERHIMATl A TRANSFER 
COMMAND AND WILL INHIBIT T«E EXECUTION OF THE NEXT TRANSFER 
COMMAND ARES 

1, DATA PARITY ERROR (CONI BIT 18) OR DRIVE EXCEPTION 
(CONI BIT 19) IS SET AND THE »DISABLE TRANFgR ERROR 
STOP" BIT IN THE PRIMARY TRANSFER COMMAND REGISTER IS 
NOT' SET, ■ 
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2, fcONG «OE0 mmt ERROR C8If 20), 

3, SHORf WORD COOMT ERROR CSif 21), 

4, CHASMEL ERROR CBIf 22), 

5, ORIVl RESP0M5E ERROR CCOKI BIT 23), 

6, 0ATA OVERRUN (CON I BIT 26) 

COMMAND mWM CCOKl ilf 32) mm BE SET WHEN THE COMMAND IN THE 
PRIMARY CDMWAND RiGISfiR IS fiRMINAfED WITH OR WITHOWT fRAHSFER 
SRRpR , 

COMO BIT 31 CSTOP TRANSFER) Wlt^i, TERMINATE THE CORRENT TRANSFER 
S«T SHOWl.0 -m- USED B¥ TIE SOFTWARE ONl.lf MHEK THE TRANSFER IS 
mUQ, hhh STATUS BITS WIl,Ii HOT BE CLEARED AND CAH BE EXAWNED 
if CONI INSTRUCTIONS, 

6.4 SIT 30 • MASSiUS ATTENTIOH IMABtE 

THIS BIT, mm SET, Willi, EMAlIil THE MAS5B0S "ATTENTION" SIGNAI. 
TO GENERATE AN INTERRUPT, 

6.5 BIT 29 - SECONMRX COMMAND REGISTER fUhh 

THIS BIT IS SIT AS SOON AS THE SECONDARY TRANSFER COHTROI* 
REGISTER CREG, 71 IS LOADED, THIS BIT IS RESETJ 

1, By SETTING CONO BIT 29 » I CDEX.ETE SECONDARE COMMAND 

REGISTER rmh}n 

2, AFTER TRANSFERRING THE CONTENTS OF THE SECONDARY 
COMMAND REGISTER INTO THE PRIMARY COMHAND REGISTER, 
THIS TAKES PIiACE WHEN THE PRIMARY COMMAND REGISTER IS 
NOT FULL AND NO TRANSFER ERROR CONDITION EXISTS iN THE 
CONTROLLER, ERROR CONDITIONS ARE DEFINED IN (>,3, CONO 
BIT 29 « I (DELETE SECONDARI COMMAND REGISTER FULL) 
WILL DELETE THE CONTENTS OF THE COMMAND IN THE 
SECONDARY COMMAND REGISTER IF THAT COMMAND HAS NOT BEEN 
TRANSFERRED INTO THE PRIMARY COMMAND REGISTER, 
WHENEVER THE PROGRAMMER FOUND IT NECESSARY TO DELETE 
THE SECONDARY COMMAND THE PROGRAMMER SHOULD 00 THE 
DELETION ONLY WHEN THERE IS AT LEAST ONE MORE SECTOR TO 
BE TRANSFERRED IN THE CURRENT DATA TRANSFER COMMAND, 

6.6 BIT 28 - MASS&WS ATTENTION 

THIS BIT IS SET BY ANY DRIVE ON THE MASSBUS WHENEVER ATTENTION 
CONDITION (SEEK COMPLETE ETC) OCCDRS IN THE DRIVE, THE BIT 
WILL GENERATE AN INTERRUPT IF NOT ALL PIA BITS ARE ZERO AND IF 
"MASSBUS ENABLE" IS SET, "MASSBUS ENABLE" IS SET Bt CONO BIT 
30 38 I. MASSBUS ATTENTtON WILL BE SET EVEN WHEN MASSBUS 
ATTENTION INTERRUPT ENABLE IS WOT SET? IT JU^T »ON»T INTERRUPT 
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OHTIl. MASSBUS ATTENTION ENABLE BECOMES SET, THE MASSBUS 
ATTENTION BIT mhh BE RESIT ONI.Y ArTER Ai*L THE ATTENflOW 
CONDITIONS IN Ahh DRIVES ARE Cl*EARE». THE PROGRAM MUST SE1.ECT 
THE APPROPRIATE PRIVES ANO WRITE T«E APPROPRIATE EXTERNAI. 
(ORIVE) REGISTERS, 

CONO BIT 28 » I (RESET COKMANO WST POINTER) WIJ,!, CAUSE THE 
CHANNEI* TO RESET THE COMMAND l,IST POlNlER* ASSOCIAIEO WlfB 
CONTROI.I4ER, TO POINT TO EPT #4 TIMES THE CONTROLLER'S PHfSICAIi 
NUMBER + 0, CONO BIT 28 SHOULD BE USED WHEN THERE IS NO 
TRNSF£R IN PROGRESS, TO REStNCHRONlZE THE MBOJi AND THE PROGRAM, 

§•7 BIT 27 • MASS80S ENABLE 

THIS BIT MUST BE SET CSX CONO BIT 27 m- I) TO ENABLE THE 
CONTROLLER TO INTERFACE TO AN¥ MASSiUS DRIVE, 

IN SYSTEMS WHERE MORE THAN ONE CONTROLLERS ARE CONNECTED TO THE 
SAME MASSBUSf THE SOFTWARE SHALL MAKE SURE THAT ONLY ONE 
CONTROLLER AT ANIf TIME IS ENABLED (BIT 27 al), THIS FEATWRE IS 
MAlNLf INTENDED FOR FAILSOFT RECONFIGWRATION IN SINGLE AND 
MOLTIwPROCESSlNG SYSTEMS, THE DUAL PORT OPTION SHOULD BE OSED 
»H£R1 CONCURRENT fRAiSrERS ARE DESIRED, 

THE OTHER CONTROLLER MUST BE DISCONNECTED FROl! THE «ASSBUS WITH 
CONO BIT 27 » 0, ELSE BUT ERRORS WILL OCCUR BECAUSE OF IMPROPER 
BUS TERMINATION, 

6.8 BIT 26 • DATA OVERRUN 
THIS BIT^ IS. SET WHEN I 

1, A MASSBUS DRIVE IS INPOTIMG DATA FASTER THAN THE 
CONTROLLER CAN TRANSMIT TO THE CHANNEL; OR , 

2, A MASSBUS DRIVE IS DEMANDING DATA FASTER THAN THE 
CONTROLLER IS RECEIVING FROM THE CHANNIL, 

CONO BIT 26 » 1 (TRANSriR ERROR CLEAR) WILL CLEARt 

1» DATA OVERRUN CCONI BIT 26) 

2, DRIVE RESPONSE ERROR CCONI BIT 23) 

3, CHANNEL ERROR CCONI BIT 22) 

4, SHORT WORD COUNT CCONI BIT 21) 

5, LONG WORD COUNT CCONI BIT 20) 

6, DRIVE EXCEPTION CCONi BIT 19) 

7, DATA PARITY ERROR CCONI BIT |8) 

6.9 BIT 25 • CHANNEL NOT READY 

THIS STATUS BIT IS CONTROLLED SOLELY BY THE CHANNEL AND CAN NOT 
BE SET OR RESET BY THE PROGRAM, THE CHANMEL SETS THIS BIT 
EITHER WHEN THE SYSTEM IS INITIALIZED OR AFTER THE CHANNEL HAS 
COMPLETED THE PREVIOUS TRANSFER AND HAS ENCOUMTERiO A HALT 
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COMMAND WORD OR HAM BIT IN A COMMAND WORD AND IS READY TO 
SlARf A NEW fRANSrSR, THE CHAHNEt* RESEfS ?«!$ BIT WHEN IT IS 
EITHER ACfIVEl»¥ DOINa DATA TRANSFER OR IS IN THE PROCESS Or 
FINISHING UP THE CORRENT DATA TRANSFER OPERATION 
CHOUSE-CliEANING) AND IS NOT READY FOR THE NEXT DATA TRANSFER 
OPERATION, 

CONO eiT 25 (CliEAR MASSiUS CONTROI.l,ER) » I mhh mittkhlZB THE 
COKTROW^ER AND THE MASSBW5 DRIVES TO THEIR P0WERUP STATES, 

ir THIS BIT IS USED TO CI.EAR THE CONTROWiER WHEN THERE IS A 
DATA TRANSFER COMMAND IN PROGRESS THE PROGRAM MUST At,SO DO A 
CONO INSTRUCTION WITH BIT 28 «t (RESET COMMAND l,IST POINTER) 
TO CI.EAR THE MiOI OTHgRWISE THE »BOX CAN BE IN A HUNG STATE, 

6,10 CONl BIT 24 • REGISTER ACCESS ERROR 

THIS BIT IS SET WHEN A DRIVE REGISTER IS ACCESSED AND ONE OR 
MiRE or THE FOti*OWING ERROR CONDITIONS OCCUR! 

1, CONTROl. BUS TIME OWT • THIS ERROR CONDITION OCCORS WHEN 
A NONEXISTAMT DRIVE IS SELECTED, IF THE ATTENTION 
SUMMARY REGISTER IS SELECTED* THE CONTROLLER WILL 
EXPECT A CONTROL BUS TIME OUT AND, THBRErORE, »ILL NOT 
SET THE ERROR BIT, 

2, CONTROL BUS PARITY ERROR » THIS ERROR CONDITION OCCURS 
WHEN A DRIVE REGISTER IS READ AND THE CONTROLLER 
DETiCfS A PARITY ERROR ON THE MASSBUS CONTROL BOS, IF 
THE ATflNTlOM SUMMARY REGISTER IS READ, THE CONTROLLER 
WILL INHIBIT PARITY CHECKING AMD THIS ERROR WILL MOT SB 
SET,. 

THE CONTROLLER WILL NOT ALLOW FURTHER WRITING OF ANY REGISTER 
IF "REGISTER ACCESS ERROR" IS SET AND THE; INSTRUCTION THAT 
CAUSED THE ERROR DID NOT SPECIFY "DISABLE REGISTER ACCESS ERROR 

STOP"" 



B 



t 



COM BIT 24 a 1 WILL CLEAR REGISTER ACCESS ERROR AND THE 
ASSOCIATED INTERRUPT REOUEST, 

i,U IIT 23 • DRIVE RESPONSE ERROR 

THIS CON! BIT IS SET WHEN A DRIVE DOES NOT RESPONSE WITH 
"fRANSFER* WHEN THE CONTROLLER IS LOADING A READ/WRITE COMMAND 
INTO A DRIVE, 

DRIVE RESPONSE ERROR WILL TERMINATE THE CURRENT TRANSFER AND 
COMMAND DONE WILL BE SET, THIS BIT IS CLEARED BY CONO BIT 26, 
CONO BIT 23 IS NOT USED, 

§,12 BIT 22 • CHANNEL ERROR 

THIS CONI STATUS BIT IS SET WHEN THE CHANNEL, DURING A DATA 
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XRAMSFER OPERATION, DEfECTS AN ERROR CONDIMON f MAT Wll^l. AFFECT 
THE VAliIDITY OF THE DATA TRANSFER, THE CONTROH*ER UPON SENSING 
THIS BIT, mbh TERMINATE THE CURRENT DATA TRANSFER AND COMMNO 
OdNE ill,!. BE SET, THIS ilT IS Cl»£ARE0 B% COSO &1T 26, CONO 
BIT 22 IS NOT USE0, 

6, J 3 BIT 21 • SMORT mm COUNT 

THIS BIT nihh BE SET IF THE CHANNEI. HAS TRANSFERRED ALi. THE 
DATA SPECIFIED Bt THE CHANNEI. COMMAND WORD iWf THE CONTROIbLER 
IS STIili «0T DONE WXm THE TRANSfER, THE CONTROLLER W 11*1, 
TERMINATE THE CURRENT DATA TRANSFER AND WILL SET COMMAND DONE 
AND TRANSFER ERROR, THIS BIT IS CLEARED BI CONO BIT 26, CONO 
BIT 21 IS NOT USED, 

f,14 BIT 20 • LONG WORD COUNT 

THIS BIT WILL BE SET IF THE CONTROLLER HAS TRANSFERRED THE 
SPECIFIED NUMBER OF SECTOR (SPECIFIED IN THE BLOCK COUNT FIELD 
or THE PRIMARf COMMAND REGISTER) BUT THE CHANNfiL HAS NOT 
REACHED THE FINAL WORD COUNT SPECIFIED IN THE CHANNEL COMMAND 
WORD, THE CONTROLLER WILL TEBMiNATE THE CURRENT DATA TRANSFER 
AND KILL SET COMMAND DONE AND TRANSFER ERROR, THIS Bit IS 
CLEARED B¥ CONO BIT 26, CONO BIT 20 IS NOT USED, 

6.15 BIT 19 • DRIVE EXCiPTlQN 

THIS BIT IS SENT TO THE CONTROLLER Br THE DRIVE SPECIFIED IN 
THE CURRENT READ/ WRITE COMMAND WHEN A TBAMSFER ERROR CONDITION 
C0ATA PARITY, ETC, 5 IS DETECTED IN THE DRIVE, THE CONTROLLER 
WILL STORK THE BIT AND WILL TERMIMATE THE CURRENT TRANSFER, 
COMMAND DONE AND TRANSFER ERROR WILL BE SET, THIS BIT IS 
CLEARED Bt CONO BIT 26, CONO BIT 19 IS NOT USED, 

DRIVE EXCEPTION WILL NOT CAUSE THE READ/WRITE COMMAND TO BE 
TERMINATED IF •INHIBIT TRANSFER ERROR STOP" IS SPECIFIED IN THE 
PRIMARY COMMAND REGISTER, CONO BIT 19 IS NOT USED, 

6.16 BIT 18 • DATA PARITY ERROR 

THIS BIT IS SET WHEN THE CONTROLLER DETECTS A PARITY ERROR ON 
THE MASS8US DATA BUS DURING A READ AND WRITE COMMAND, IM THE 
CASE OF A WRITE COMMAND, THE DRIVE INVOLVED MAY ALSO DETECT A 
PARITY ERROR, THE CONTROLLER WILL TERMINATE THE READ/WRITE 
COMMAND AND WILL SET COMMAND DONE AND TRANSFER ERROR, CONO BIT 
26 WILL CLEAR THIS ERROR, CONO BIT It IS NOT USED, 

DATA PARITY ERROR WILL NOT TERMINATE THE READ/WRITE COMMAND IF 
"INHIBIT TRANSFER ERROR STOP" IS SPECIFIED IN THE PRIMARY 
COMMAND REGISTER, CONO BIT 18 IS NOT USED, 

§,17 BITS D • 17 - NOT USED, 7-9 SPARE 
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7j NOfES ON CONfEOLliER OPlRftflON 

fHE rOfcLOWING STEPS CAN BE USED TO PROGRAM THE CONTROI^I/BR TO 
PERfDRM A lEAO/WRXTE OPERATION, 

7.1 DRIVE TYPE 

THE PROGRAM REA0S THE "ORIVE TYPE" REGISTER OF EACH MASSBOS 
ORIVE TO ©EfERWHE HOW MAN¥ AND WHAT TYPE OF BRlVES ARE ON EACH 
CONf ROWER, 

7.2 SEEK TO THE DESIRED CYIiINDEE 

(APPI,IES ONi^Y TO M0VING»HEAD DISK DRIVES) BY READING THE 
"CURRENT CYLINDER" REGISTER OF EACH MOVING»HEAD DRIVE, THE 
PROGRAM CAN DETERMINE WHICH DRIVES HEttUlRfc SEEK OPERATION, THE 
PROGRAM CAUSES A DRIVE TO SEEK TO DESIRED CYI.INDER BY I^OADING 
THE DRIVES "DESIRED CYI^INOER" REGISTER WITH THE DESIRED 
CYLINDER NUMBER AND THEN THE "CONTROL REGISTER" WITH A SEEK 
COMMAND, THE DRIVE WILL ASSERT "ATTENTION" WHICH IN TURN wILL 
CAUSE THE CONTROLLER TO INTERRUPT THE PROGRAM AFTER THE SEEK 
OPERATION IS DONE, 

7.3 SECTOR OPTIMIZATION (APPLIES TO M0VING»HEAD AND FIXED HEAD 
DISK DRIVES) 

SECTOR OPTIMIZATION CAN iS DONE BY READING THE DRIVES "LOOK 
AHEAD REGISTER" WHICH GIVE THE ROTATIONAL POSITION OF A DISK, 

7.4 CHANNEL COMMAND WORD LOADING 

THE PROGRAMMER LOADS THE CHANNEL COMMAND WORD INSTRUCTIONS INTO 
MEMORY (SEE 9,0) 

7.5 COMMAND LOADING 

AFTER THE AiOVE ARE DONE THE PROGRAM CAN LOAD THE SECONDARY 
COMMAND REGISTER (SECONDARY BtOCK ADDRESS REGISTER FIRST AND 
THEN THE SECONDARY TRANSFER CONTROL REGISTER) WITH A R/W 
COMMAND, 

7,e NORMAL READ/WRITE 

AFTER THE PROGRAM LOADED THE SECONDARY BLOCK ADDRESS REGISTER 
(OPTIONAL) AND THE SECONDARY TRANSFER CONTROL REGISTER CONTROL 
REGISTER tCOMPULSORY), THE SECONDARY COMMAND REGISTER IS 
TRANSFERRED INTO THE PRIMARY COMMAND REGISTER IF THE PRIMARY 
COMMAND REGISTER IS NOT FULL AND NO TRANSFER ERROR CONDITION 
EXISTS IN THE CONTROLLER, THE CONTROLLER WILL AUTOMATICALLY 
ADDRESS AND LOAD TWO DRIVE REGISTERl fHE "DESIRED SLOCK 
ADDRESS REGISTER" (THE "FRAME COUNTER REGISTER" IN THE CASE OF 
MAGTAPE DRIVE) AND THE "CONTROL REGISTER" (ONLY THE "CONTROL 
REGISTEft" IS LOADED IF "PRIMARY BLOCK ADDRESS REGISTER" IS NOT 
rOLL), THE CONTROLLER'S DATA CONTROL PORTION IS THEN SET UP TO 
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RiCilVE OR TRA8SMIT DAI A B¥ DfiCOOIKG THE fUNCf I0« BITS IK THE 
PRIMARY TRANSFER COMMAND REGlSfER, CAUf ION? ONLY REAO/WRIfE 
COMMAND SHALI* 01 I.OAOED INTO THE SECONDARY TRANSFER CONTROI* 
REGISTER, THE PROGRAM SHAliL LOAD AfcL NON REft0/«RITE COMMANDS 
INTO THE CONTROL REGISTER Of A DRIVE DIRECTI.Y, THE »I»OCK 
COUNTER IS INCREMENTiO AfTgR EACH BiOCK OF DAT* HAS BiEN 
TRANSrERREO TO THE MiOX. "PRIMARY COMMAND REGiSTER FUlil*" IS 
RESif WHEW THE BLOCK COUNTER IS INCREMENTED TO ZERO AND 
"COMMAND DONE* i^lLL BE SET, 

7.7 CSUS OPERATION 

REFER TO CHANNEL IPS CCBUS) • MiOX/RHZO INTERFACE, CHAPTER 5,1, 

7.8 WADING ANOTHER RBAD/WRITE COMMAND 

WHEN THE CONTROLLER AND THE MBOX IS ACTIVELY DOING THE 
READ/WRITE COMMAND ON THE PRIMARY COMMAND REGISTER, THE 
PROGRAMMER CAN DEIiRMlNE AND SET UP THE NEXT READ/WRItE COMMAND 
TO BE PERFORMED BY THE CONTROLLERS BY LOADING THE SECONDARY 
COMMAND REGISTER, 

8, NOTES ON MAGTAPE DRIVE PROGRAMMING! 
8,1 

ONLY ONE RECORD PER COMMAND SHALL BE SPECiriED TO SE 
READ/WRITTEN 

8,2 

IN THE CASE OF READ REVERSE OPERATION, THE MBOX (CHANNEL 
CONTROL LOGIC J WILL DECRIMEJIT (INSTEAD OF INCftEMENf) THE MEMORY 
BUFFER LOCATIONS, 

8.3 . , 

READ REVERSE ON MAGTAPE DRIVES WILL NOT GET MEANINGFUL DATA IF 
THE NUMBER OF FRAME ON THE RECORD IS NOT A MULTIPLE OF WORDS, 

THEREFORE, IF A PROGRAMMER WISHES TO WRITE PART OF A POPlO CORE 
WORD ON TAPE AND TO BE ABLE TO READ TEE RECORD SACK LATER UltH 
A READ REVERSE COMMAND, HE MUST WRITE THE ENTIRE WORD ON TAPE, 

8.4 REGISTERS 0*40 

THESE REGISTERS ARE THE SO-CALLED EXTERNAL REGISTERS BECAUSE 
THil ARE IMPLEMENTED IN EACH DRIVE AND OBPeMP ON THE TYPE OF 
DRIVE, SEE TABLE 2 IN SECTION 4,1 FOR THE NAMES OF THE 
EXTERNAL REGISTERS, SEE THE MASSBHS SPECIFICATION AND THE 
FUNCTIONAL SPECIFICATIONS FOR EACH OF THE INOIVIOUAL DRIVES 
aP04, RS04, AND TM02/TU16, 

CONVENTIONS USED IN THE FOLLOiUING TABLE, BOTH THE READ (COM) 
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AND WRITE (CONO) BIT JJAMiS ARE GIVES, USUALLY THE NAMES ARE 
THE SAME SIWCE A COMO BIT USUALLY EITHER S 

U CLEARS THE BIT WHICH IS READ QM A CONI 

2, WRITES TIE BIT A OR 1 WHICH IS READ 0« A COMI 

THE BIT NAME FIELD INDICATES WHETHER THE HT IS CLEARED OR tlOSf 
WRITTEN ON A COMO, THE WRITE BIT IS GIVEN A DIFFERENT SrMBOL 
AS0 NAME IF If PERFORMS All UNRELATED FUNCTIOH, If A BIT ALWAYS 
READS ON A COHI AS 0, ITS SYMBOL IS "O", IF A BIT IS IGNORED 
9R WRITES OS A COiO, ITS SYMBOL IS "ICM", 

9, CHANKEL COMMAND WORD 

9.1 A CHAMNEL COMMAND WORD (CC^3 ^ILL USE 22 BIT PHYSICAL 
MEMORY ADDRESSES TO SPECIFY aUMP, HALT ADDRESSES AND THE 
STARflJG ADDRESSES or DATA TRANSFERS, 

9.2 CHANNEL COMMAND WORD FORMATS 

9,2,1 DATA TRANSFER 

12 3 13 14 35 

1 % I I It WC J ADR I 

REVERSE 
LAST TRANSFER 

9.2.1.1 WCwPOSITIVE COUNT EQUAL TO THE NUMBER OF WORDS TO BE 
TRANSFERRED, 

9.2.1.2 ADR^PHYSICAL MEMORY ADDRESS OF THE FIRST LOCATION CIF 
BIT 2»()) OR LAST LOCATION CIF BIT 2»1) IN THE DATA BUFFER, 

1, IF ADR»0 THEN THE CCW DOES NOT MOVE ANY DATA TO OR FROM 
MEMORY, ON READS* DATA COMING FROM THE RH20 IS THROWN 
AWAY, ON WRITES* THE CHANNEL SUPPLIES FULL WORDS OF 
BLOCK FILL WORDS C FETCH FROM LOCATION EPT + 60 TO 63) 
TO THE RH20 TO FILL THE REMAINING OF THE CURRENT BLOCR, 
ON BOTH READS AND WRITES, iC IS DOWN COUNTED EACH TIME 
A WORD is REQUESTED BY THE RH20, WHEN WC GOES TO ZEM 
THE NEXT CCW IS FETCHED CIF BIT ImQ) t THE CHANNEL WILL 
HALT, WHEN WCsO, IF BIT 1*1, IN THIS CASE, THE CHANNEL 
COMMAND LIST POINTER WILL POINT TO THE CURRENT CCW 
LOCATION +1, 



108§#2040,2060 ENGINEERING rWNCTIOHAL • SPEC CHAP 4,1 PAGE 22 
«ASSSaS CONTROl^LER CRH20J AND CHANNEIiS (MBOX) • REV 2 

2, IT km Hon Q mm the wc is down counted each time a 

WORD 13 MOVED fO/FRO« MEMORX, THE ADR IS UP COUNTED 
(IF BIT 2s0) OR DOWN COUNTED CIF Bit 2isU EACH TIME A 
WORD IS MOVED TO/rROMMEMORX, 

THIS AI.1.0WS READ REVERSE OPERATIONS 0« MAGTAPE SYSTEMS, THE 
PROGRAMMER MUST SET Bit 2 TO ZERO FOR Alil, WRITE OPERATIONS, 

WHEN WC GOES TO ZERO THE NEXT CCW IS FETCHED (IF BIT 1»0)| THE 
CiAMMEl, WIi.L HAM, WHEN WC?sO, IFBIT l^i, THE CHANNEl^ COMMAllD 
LIST POlNfER Wifcl* POIMT TO THE CURRENT CC«+l. 

9.2.2 JUMP, USED TO aUMP TO A MEW CHANNEl, COMMAND I4IST, 

12 3 13 14 35 

1 J 1 I i NOT USED I ADR i 

AORsPHfSICAl. MEMORIf ADDRESS FROM WHICH THE NEXT CCW «lhh SE 
PICKED UP, NO DATA IS TRANSFERRED BY THIS COMMAND WORD, 

9.2.3 HAW, THIS CCW CAUSES THE CHANNil, TO HAW, fHE CHANNEli 
COMMAND liIST POINTER WH.t POINT TO »ADR% 

^ 1 2 3 13 J4 3S 

1 I i or NOT USED J ADR i 

9.2.4 WHEN THE CHANNEI, RECEIVES A "START" SIGNAL FROM THE RH2a, 
THE CHANNEL WILL USE THE CHAHNfiL COMMAND LIST POINTER TO FETCH 
A NEW CCW IF THE RH2a DOES NOT SPECIFY ^RfiSET", |F "RESET" IS 
SPECIFIED, THE CHANNEL WILL GO TO EPf*4CRK20ts PHYSICAL 
NUMBER)+0 FOR THE NEW CCW, THE NEW CCW SHALL BE A aUMP CCW IN 
THIS CASE SINCE THE CHANNIL COMMAND LIST POINTER MAY BE HOLDING 
A RANDOM ADDRESS AND A MEAMINGFOLL ADR NEEOiO TO iE LOADED, 

9.2.5 IN ORDER TO INCREASE THE CHANCE OF DOING NEIT SECTOR 
READ/WRITE, THE LAST CCW OF A DATA TRANSFER SHALL HAVE Sit lil 
(LAST TRANSFER), THIS SAVES THE CHANNEL FROM DOING ONE MEMORY 

REFERENCE, " ' 

10, CHANNEL STATUS WORD 

THE CHANNEL f UPON OETEGf INS A»f ERROR OR AFTER RECEIVING A 
»STORE REQUEST FROM THE RH20, WILL STORE TWO STATUS WORDS Ml 

EpTt4 CRH20tS PHYSICAL NUMieRHI»STATUS WORD i, AND 
EPTt4 (RH20«S PHYSICAL NOMIER J +2»STATUS WORD 2, 
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1, SfATUS WQR0 1 

13 14 15 

1 SfAfMi llfS i COMMAMO List P0IWfE» i 

ilf WIS 8If IS ALWAfS A OMg, 

SIT I (MiMORIf PARIfl EBROR)J fUIS BIT IS SET If 
HEMORI PARITY E«R0R0CC«R3 WHEMEVlR THE CHANNEL 
RIFERENCES MEMORY, 

BIT 2 CNOTSBWS ERROR)! THIS BIT IS RESEf ir MEMORY 
PROiLEMS OTHER THAN PARITY A»0 MOUgXISTEJIT 
MEMORY OCC«RS, 

BIT 3 (NOT WORD COUNT»0)J THIS BIT IS RESET IF THE 
WORD COUNT IS ZERO WHEN THE STATUS WORDS ARE 
STORE© INTO MEMORY ♦ 

SIT 4 (NONEXISTSNT MEMORY)! THIS ilT IS SET IF f ME 
CHAMNEl, REFERENCES A WON EXISfENT MEMORY 
LOCATION, 

BIT 5>6,7 O'S 

BIT 8 CSPARE) 

BIT 9 (LAST TRANSFER ERROR)! SME MEMORY ERROR 
CONOIflONS MAUt NOT SE 0ETBCfE0 FOR OP TO 25US 
(WON EXISfENT MEMORY, ETC.). WHENEVER AN ERROR 
IS OETECTE0 AFTER THE RH20 HAS TERMINATED A 
DATA TRANSFER COMMAND, THE CHANNEL ii<ILL SET BIT 
9 AND WILL STORE THE STATUS WORDS, THE NEW DAfA 
TRANSFER COMMAND (IF ANY) WILL BE ABORTED, THE 
PROGRAMMER SHALL EXAMINE THIS BIT AFTER EACH 
TRANSFER TO MAKE SURE THAT THE TRANSFER HAS NO 
ERROR • 

BIT 10 (RH20 ERROR)! THIS BIT IS SET If THE R«20 
SENDS A "STARf SIGNAL WHEN THE CHAMNEL'S 
"READY" BIT IS TRUE, 

BIT tl (LONG WC ERROR) S THIS BIT IS SET IF THE RH20 
HAS COMPLETED THE DATA TRANSFER COMMAND AND THE 
CHANNEL HAS NOT REACHED THE FINAL WORD COUHT 
SPECIFIED IN THE CCW, 

BIT 12 (SHORT WORD COUNT ERROR)! THIS BIT IS SET If 
THE CHANNEL MAS TRANSFERRED ALL THE DATA 
SPECWIED BY THE CCW AND THE RH20 IS STILL NOT 
DONE WITH THE TRANSFER, 
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BIT 13 (OVERRUN ERROR)! EACH RH20 HAS 16 OAfA BUFFERS 
IN fHE CHANNEi., THIS Hf IS SET WHEN 

1, T«E Ri20 IS INPUTTINa DATA AN© THE DATA 

mwmn is rui,!,, or 

2, THE RH20 IS DEMANOIMG DATA AIID THE CHAKHEli 
DATA BUFFER IS EMPTX, 

BIT 14.35 CCHANNEli COMMAND I.IST fOlNTSBJl POINTS AT 
CURRENT CCW+l, 

2, STATUS WORD 2 • COHTAINS THE LAST CC« WITH UP«.fO»DATE 
WORD COUNT AND ADDRESS, 

ij, PROSRAMMIHG MOTES 

PROGRAKMHiC NOTES ON READING/WRITING NEXT SECTORS ON A RS04 OR 
RP04 DRIVE • THE RS04 AND RP04 DRIVES HAVE FINITE GAPS BETWEEN 
SECTORS, THE FOWOWING PROGRAMMING NOTES SHOUl.0 SE OBSERVED 
WHEN READ/WRITE NEXT SECTOR IS DESIRED IN ORDER TO INCREASE THE 
CHANCE OF WINNING! 

i, THE WST CCW OF ANI DATA TRANSFER SHOULD SE? 

1 2 

it I II X i WC I ADR I 

Xsl If READ REVERSE 

THIS ALLOWS THE CHANNEL TO TERMINATE THE CURRENT 

TRANSFER 

WITHOUT HAVING TO FETCH A HALT CCW. 

2, THE FIRST CC« OF THE NEXT TRANSFER SHOULD BE A DATA CC« 
AND 

SHOULD IMMEDIATSLl FOLLOW (IN MgMORf LOCATION) THE LAST 
DATA 

CCW or THE LAST TRANSFER, THIS ALLOWS THE CHANNEL TO 
GET 

REAO¥ FOR THE NEW TRANSFER WITHOUT HAVING TQ FETCH A 
aUMP 

CCW, UP TO TWO CONSECUTIVE JUMP CCWS ARE ALLOWED AFTER 

THE 

FIRST DATA CCW OF A TRANSFER IN ORDER TQ MINIMIZE DATA 

OVERRUN, 
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12, REGlSfER JbAYOOTS 
COMI DTEXf E CM) 

+ ■+♦'♦'+. 4- t 

^ W • w .f>'»w • ^ )if«i«i ^ up <p '1^ ^a, *'•» 4> <<•«»«> 1^ 

US ui ui IH lii lu 

Ul III llllil Hi Hi 

ii I It t U 4 I++ ♦♦4- +♦+•• 10»17 tffiiUSEO CS) 

Hi Ul if+ +»••• 7-9 SI»ARE £3) 

♦++ ♦*♦ ^^•••» 0-6 UNUSED (7) 
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CONI 0TEX, E CR«) 

* * f ■■+■'■■■* * t 

^i • « «> ^ « V « 4> « IIP «| ^ « «> « ^ « «. app. ^ «» (p «, ^ 

4U ill iU iU Ul ill 

iU III ill tit lU Hi 

Ui III III IU iii t+t-« 33*3§ PIA ASSl<5M«Eif |i,lJ 

III ill ill III III 

III III III III l|t»* 32 CMO COMMAND DONE t6,2J 

III III III III |#*— 3i PCRF FRlMARf COMMAND REG, FUhk I6,3J 

III III ill III ♦•#•• 30 M&AE MASSiUS AfTENTION ENABl,EO t6,4] 

III III ill III 

1 1 1 1 1 1 H i I !♦•• 29 SCRP SECONOARy COMMAND REG, FUhh C#.53 

III III ill U»*» 28 MBA NASSBtlS AfTENflOM t&,6J 

III ill ill ♦•••• 27 MBE MASSiUS EMABI^E t&,7J 

III HI ill 

HI Hi Ht*« 26 DOE OAfA OYERRUM ERROR [S.gJ 

ill HI it*— 25 CNR CHAiNEH NOT READY 

It I ill t»-»- 24 RAE REGISTER ACCESS ERROR £6,10 J 

HI HI 

III H+** 23 DRE DRIVE RESPONSE ERROR t6,U] 

HI |+»*» 22 CE CHAWNEl, ERROR 16,12] 

m t,„, 21 S«CE SHORT WORD COUNT ERROR [6,133 

HI 

IH»* 20 l,WCE liOMG WORD COiNf ERROR [6,14] 

!♦••• 19 DEE DRIVE EXCEPTION ERROR [6,15] 

t*"** 18 DPE DATA PARIff ERROR £6,16J 
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GONO DTEX, E (LH) 

t +■ f t ' t- i- + 

^ w 9 ^. «i 9 « ^ ^ «i ant ^^ s> ip,;,* ^ )ai m, «i ^. lit ap a, ^. 

iu in ill ill ill iii 
lii iii ill iii Hi jii 

+ + t ♦'Hh ++4 +t+ +++ ++^,« 0«.17 IGNORE 
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QOHO DfEX, E CR«) 

♦ +■♦■♦■•♦,+ ■+. 

III ill III ill mm 
III III III in I u ti I 

lU lU iU ill ill +♦♦— 3I*3§ PI A CMRITE3 PIA 

lilili iil ili iU 

i i I i H J i 4 III it +•• 32 CCMD CtEAR COMMAMp DONE 

lii ili iii ili it— II Sf CWRlfEJ STOP TRASSFER 

i i I I i i I i i iii +— — 30 MEAE C WRITE? MASS6US ATf N EMB 

iii ili iii Ili 

iii iii iii ||t-.» 29 OSCRF DEI^EtE SECONDARE COMMAND REGISTER 

Ili ili iii !+-•• 28 RCLP RESET COMMAND til ST POIMfER 
iii 1 1 i i 1 1 ♦•— - 27 MBE (WRITE) MASSIOS gMABl*i 

iii i i 1 1 i 1 

iii iii lit** 26 flC (MRITE) TRAHSrER ERRORS CtEAR 
lii i 1 1 i +••• 25 CMC CI.EAR MASS8PS CONTROttBR 
1 i i i i i t— — 24 CRAII CLEAR RAE IKfERRUPf 

iii iii 

t+t •♦•+•♦'•• t8»23 laNORE 
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0ATAI EXflRNAI. (DRIVE) REGISTERS C00*37j (£,H) 

4' <» • A .Ikw. w * 4> at <»,«» 4' «» « « ^ «» ar » .4. M « « ^ 
■^ ^ * . f * ^ ■¥ f f 

III III HI III III III 
HI Hi III III Hi III 

III i tt ii i Mi III ♦♦t-« 15-i7 DSR DRIVE SEtECf RgG, E4,23 

I i i U t I i i U i I U 

in Hi HI il+ t+4*» U»14 MUSED (4) t4,21 

Ui Ui Hi i*«** 10 fRA TRAMSrER REC. (MASSiUS S¥M) U,21 

III HI Hi f— 9 DRAiS OlSABIiE REG, ACCESS ERROR STOP 

U»2} 

I M U M I i 

HI IH I If* 8 CBPE CONTROl* BUS PARITY ERROR {4, 2 J 

Ui ill !+»-- 7 NOT USED 

III ill ♦•*— i I^R LOAD REG, 

ill Ui 

♦ ♦4 +4.f o»5 m REG, SEI,ECT Ci) 
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0AfAl EXTERNAI, (DRIVE) REaiSfERS t00»37) £RH) 

+ •♦••-•-'+■■- 4- ' + + 

Hi ill ill III ill IH 

ill ill III ill in ill 

lit tt+ ttt +t+ +tt t-l-f* 20»35 EXTERNAI^ RES, DATA Cl6) £4»2J 

i+— » 19 CONTROIi BUS PARiTt SIT REC, 

+•••• 18 PDCiEF PR&V, DAfAO COWfROl. BUS EVEN PAR, (BIT) [4,21 
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DAfAO EXIERNAL CORIVE) REGlSfERS (00»37) CliH) 

+ ■¥■■■ + t f . 4. . 4, 

Ill III HI iiini III 

III III III III III HI 

III III III ill iU +*+•• 15*17 DSR (WRITE) OSR 

Uiiii iti iu tii 

I i I i I i J I { I *■¥ +++•» I Q-l 4 laNQRE 
lli III iU +•— t DRA (WRIfE) DRA 

u i u i I u 

UiiiU U**- 8 IGNORE 

III HI !+••• 7 » 

Hi I II +•••• i LR (WRITE) I,R 

Ui III 

♦+f t+f»« 0»§ RS (iRITE) RS 
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OATAO EXTER8JAI. (DRIVE) REGlSfERS t00"37) (RH) 

♦ + + ♦ ♦ ♦ + 

ill III III Hllll III 

ill III III III ill Hi 

tH ttt ♦♦♦ ♦+4- ++t ♦♦+— 20-3S CWRIfEJ EXfERMAI^ REGISfER MfA 

I +•-•19 IGNORE 

♦»*•• 18 EP\C WRITE) CEP ■ 
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OATAl SECOK0ARy aiiOCK ADDRESS REGISTER (SBA » 70) (I,HJ 

+ + + + ♦■<♦• 4- 

in III III III iii III 
II ill lii ujui iii 

i 4 4 i I I II III I i I +++•• tS»i7 DSR DRIVE SEfcECT REG, C3) 
ii III Ui ill 4U 

illll 1++ +++ +♦+— 7-14 UNUSED (83 
II ill ♦-•— § LR WAD REGISTER 
ii III 
+4-+ + ++•• 0-S 70 REG, SELECT C&) 
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DATA! $ECONOARr ftl^OCK A0ORESS REGISTER C5BA 9 74) (RH) 

♦ ♦■■+■■■■♦,♦•♦.+ 

IJMU Ml Hi Ui lU 

111 Mi Hi lit iii iii 

lit ♦4+ ++♦ +4^+ ^4.+ ++4-. 20»3S DBA DESIRED IMCK A0ORESS tli) 
+++••• 18»i 9 UNUSED (2) 
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DAfAO SECONDARE BfcOCK ADDRESS REGISfER CSSA « 70) ihU) 

+ ■+ + *+■♦■+ 

'^mmm •^r-mmm-^mmm^m mm ■'^mmm>^ mm <iif^ 

HI 111 it Mil lii iil 
i I i I i i i 1 1 i i i { i i i i i 
I i M 1 f I i i I U i i 1 t+f tS*i7 DSR CWRIf E) 0SR 

lit tii ill lit iJi 

iil 111 i+tt'^+t+t»* 7»14 laNORE C8) 

iii itJ +•♦•• 6 J,R (WRJfE) l,R 

tij iJi 

ttt tt*"— 0-5 70 (WRITE) RS 
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ms&ms commiim (rh20) a»d chamhei^s cmbox) •rev 2 

CATAO SECONOARr BLOCK ADORESS EEOISfER (BBA » 70) CRM) 

lU lu III 111 iir HI 
Mi lu uriiiui ill 

Jlt t++ ♦*++*+ ++t t+f— 20»3S D»A (WRIfEj OBA 
♦t+»- J8-i9 IGNORE 
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oktm SEtownmx trwsfer coNfRoi, ReaisfER cscf » 7t) ciiH) 

+ ♦■ + ■*- + #■ 4- 

uiiii luui iuiii 
ur ill ill ui iu ui 

ill I U U I I i i III +++•• 1 5» J 7 OSE DRIVE iELlCf REG, CD 

Hi UItU UI HI 

IU ill IU 11+ ++♦•• U»14 UKII5E0 C4) 

ill 11 1 U I I +-*- 10 SCS atORE CHANNEL Sf AfUS 

IU 11 1 11+ +•••* e*9 UNUSED (23 

U I U i I +••'" 7 

Ui 111 +— • 6 LR LOAD REG, 

ill ill 

t++ ++♦•• 0»i 71 REG. SILECf (§) 
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DAfAO SECONDARY TRANSFER CONfROI. REGlSfER CSTC » 71) CRi) 

♦ ^ • + ■ + -f ■ / ♦ , + ♦ 

ill III ill III III ni 
m iiim Hi ill iii 

III ill I II i i i +++ ♦♦♦— 30»35 KfC MASSftUS FUMCf ION CODE (§3 

III Ui Hi Ul 

lit ♦♦* tt+ +♦*•• 20*29 MiC NEGATIVE BLOCK COUNf CIO) 
!+»•• 19 DTE DISABLE TRAiSPIR ERROR (Sf OP) 
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MA5SB0S CONTROJ,iiER (RH20) AN0 CHANNEJiS (MBOX) *RiV2 

DAfAI SECONOftRy TRANSFER CONtROIa REGISTER (SfC » 71) (I.H) 

♦ —♦' t •♦■■♦•+ t 

<!> * * IP :^ pr a* «>. ^, .«■ •■ mi ^ Ml «r at 4> <•> a> a* ^ f* * .<p ^ , 

1 il i H i I J i 1 i U J III 

III III ill III III ill 

llllH Him ill f**** IS»J7 0SR (WRITE) OSR 

US lU HI Ut iU 

ililli Hi il* t*+— a*14 IGNORE 

IU JU Hi l+*-» 10 SCS (l<RJTE5 SCS 

i U H i 1 1 1 +»•♦• 8«9 1GH0RE 

HI tU It*— ? mh RESET COMMAND LIST (POINTER) 

HI iU t»*»* 6 liR (WRITE) hm 

HI III 

♦♦t f+4»* 0-5 7i (WRITE) RS 
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MASSBOS CONTROLLER tRH20) AND CHA»W£l»S CMBOXJ • REV 2 

PAfAI SECONPARY TRANSFER CONfROIi REGlSflR CSIC » 713 CRH) 

+ ■■ ■■■ + ■• . ♦- +•■ ■+■■ ■+ + 

Mi Ui lU ill Ul iU 
i H i U I U U i i U 4 u 

li i II J i t i 11 i +++ ■»•♦+•* 30»3S MFC C WRIf E) MFC 

ju 111 III iu 

IH ♦4+ tft +♦♦•• 20*29 MBC CWRIfE) «BG tlO) 
|+-*» 19 DTE (WRITE) OTE 
+ ..•. 18 iGiiORi 
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MASSBUS COKIROLl,ER (Ri20) AND CHANNELS (MBOX) •REV 2 

DAfAO PRIMARY BMCK ADDRESS REGISfER (PBA » 72) (LH) 

t -^ - . ♦ t , + + ♦ 
UIMI lU ill lU UJ 

4U iu jii in lu ill 

i U U J i II ii 1 U i +++-• 1§»17 OSR DRIVE SELECT REG, (33 

lit IU iU liiJU 

I i I 1 11 i ♦♦ +*+ ♦♦+•• 7»14 UNUSED C 8 ) 

{ i I i I J f •••• § yNUSEO ( LR ) 

III 141 

♦t+ ♦♦fO'pS 72 REG, SELECT C6) 
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MASSBUS CONTROLi^ER (RH20) AMD CHARKEI.S CMBOX) • REV 2 

OATAO PRIMARY BiOCK ADDRESS REGISTER (PBA » 72) CRH) 

+ ■ + ^ + ' ■ «»■• t . f'^ = ♦ . 

III III III Hi III III 
in in HI iu iiiiu 

n* ♦+* ♦♦♦ ♦♦♦♦-♦•+*+ + — 20»3§ WA DESIRED BliOCK ADD, Cl§5 
ft**- lt»t9 UNUSED (23 
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MASSBUS CONTROlil^ER CKH20) AND CHANNiLS €«BOX) •REV 2 

OAtAI PRIMAR¥ BI.OCK A&DRESS RgGlSfER (PBA « 72) (LH) 

^' w w Mr '^^ * ** ** 'I' v-'*<* i*' '^ 9 «i 'W ^-im mtmifim»i"m-<f^ 

♦ + + •»- f t f 

4> «t 9 * 4 ■> «) w <^' 9 9 III 1^' » « « 4> <p all W .^ « IP I* 1^ . 

ill in III ill ill Hi 
ill III III ill III iii 

I U II i in U I U 1 ♦♦t-* I5»17 OSR (WRITE) OSR 

11 i J I i 1 11 i I i t i i 

ill ill +f+ t++ +t+— 6-14 IGNORE 
ill ill 

♦++ t^-t** 0*5 72 (WRITE) RS 
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MA5SBUS CGNTROLfcER (RH20) AND CMA«l«£t,S (MBOX) •» REV 2 

OfttAI PRIMARY ifcOCK ADDRESS REG! SfER (PBA » 72) (RH) 

+ ■■ + + f ■ + ♦ ♦ 

HI ill Hi iiiiu III 
Hi Hi til ill III ill 

lit ttt ♦+♦♦♦♦ >t4. >++•• 20.35 DBA (WRIfE) DBA 
I+— 19 IGHORE 
t»»**^ If. ■ ♦• 
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MASSBUS CONTROil.EJR (Bii20) AND CHANNELS (MBOXj • REV 2 

OATAO PRIMARY TRANSfER COI«fROl, REGISfER (PfC » 73) XhU} 

♦ ♦■■■ ♦ ♦ +■■♦••■■+■ 

mm III III III ill 
mm III ui ju HI 

ill ill III ill Ul ♦♦f» 15»17 OSR 0R1VE setiECT REGlSfSR (3) 

111 ill I M lU ill 

i i i i J i i i I II + ♦♦+•• I i»14 UNUSED 

ill lil III !+•*• iO SCS STORE CHANMEl, STAf US. 

iii ill lit ♦•*••• 8*9 UNUSED C2) 

111 III !+••• 7 RCiP RESET COMMAND LjSf (POlJtfERJ 

lU iii f*— 6 UNUSED CLR) 

in ill 

**•¥ +++•• 0*5 73 REGISTER SEI*ECT C&) 



1080,2040,2060 ENGINEERING FUNCflONAt -SPEC CHAP 4,1 PAGE 4§ 
MA5SBUS COI«TROt,iER (RH20) AN0 CHANBELS (MBOX) -REV 2 

OATAO PRIMARY TRANSFER CONTRQl. REGISTER CPTC s 73) (RH) 

^ W «> Wf- ^ W •> 1^ f» « SK ^ IP «■ «* <4. f^ ,P ^ ';^ .|P IP ^ ^ 
t t ♦ + + + ♦ 

f' * ^ «> ^ «i « IK ^. Hi «p .* ^ «r «p 9 ^ al> Iff a, 1^ ^.ap ^r .^ 

Ul J 11 HI III Ui 111 

III III III iU III III 

III 1 11 1 11 ill f^f +++-* 30*35 MFC MASS»U5 FUWCTIOi CODE (6) 

ill I U U I III 

IH t+t f+t +++•• 20*29 NIC NEGATIVE SLOCK COUNT CIO) 

!♦.-• J9 pfE CISABI^E fgj^jISFER gRj^QI^ (STOP) 

+•♦»- t8 UNUSED 
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MASSBU5 CONTROI^IiER (BH20) AND CHAlfMEl^S (MBOX) -REV 2 

0A1AI PRJMARr TRANSFER CONfROi. REGISfER (PtC » 73) CI.H) 

t ♦ + t + + + 

III ill in iji ill ill 

Ul ill ill Ul iii ui 

H 1 1 1 i i i i 1 J i J 11 ♦t**» 15*J7 PSR (WRIfE) DSR 

I i I J u M 1 i u u i 

Ul lU III 11+ +♦+»• U"14 I6WDRE 

I il U I U I !+••• iO SCS t WRITE) 5GS 

■ Ui : 11 iJlt-'+^^'^-S^f' IGNORE 

Ul Ul !♦*•• 7 RCtP (WRITE) RCI.P 

Ul iU ♦•••• & IGNORE 

Ul lU 

*t4 t+f* 0-.§ 73 (WRITE) RS 



1080,2040,2060 ENGINEERING FUKCflONAL • SPEC CHAP 4,1 PAGE 48 
HASSBU5 CONTROLI^ER (RH20) AND CHANftlEJ^S (MiOJt) • REV 2 

DAf AI PRI«ARy TRANSFER COKTROI. REGlSfER (Pf C » 73) (RH3 

t + + t t + f 

f- • .ft « 4 * « <«» ^ 4K.iK a, .4,.|<|| p, I* ^ ^ ,p «, ^ Si ^ ^ ^^ 

III III ill III sii lU 

Ui HI III Mi ill III 

lit 111 III III +++♦+♦— 30«3S HFC (KRITl) MFC 

ill lUlU ill 

11+ f + 4' f++ t++— 20-29 NBC (WRItEJ NBC 
if* 19 DTE (WRITE) DTE 
t»»»* 18 IGNORE 



1010,2040,2060 ENGINEERIM6 FUNCTIONAL • SPEC CHAP 4,1 PAGE 49 
MASSBOS CONfEOiliER (RH20) AS0 CHANNELS (MBOX) * REV 2 

DATAO INTERROPf VECTOR INDEX REGISTER lin 9 74) (LH) 

t +■ *■. +. + ■■ ♦ ♦ 

Ui ur Hi lu lii ju 

UMU III ill lUlll 

Ml III Uf ^^* ff* ++f • 7«|7 Q UMUSEO 

lUJU ♦•— 6 liR LOAD REGISTER 

ill Hi 

i+t ♦♦♦•••- 0»S 74 



1080,2040,2060 ENGINEERING rUNCTIONAt * SPEC CMAP 4.1 PASi §0 
MASSBUS CONTR01.LER CRH20r AND CHANNELS (MBOX) - REV 2 

PAfAO INTERRUPf VECfOR INDEX REGISTER CIVI « 74) (RH) 

+ ♦♦ + ♦ + + 

UJ lii IIJ iiJ 111 Ui 

ill 1 i I 1 1 i ill III III 

III III III +++ t++ +++•• 27»li IVRINfERRWPt VECTOR REGISTER 
Hi lit III 

+♦4- ++++♦ + •• 1»«2& UNWSEP 



1080,2040,2060 ENGINEEBINS rUNCflONAL • SPEC CHAP 4,1 PA6g §1 
KAS&BUS C0NTROH.ER (RHaO) AN0 CHAUMELS (MiOX) • REV 2 

DATA! INTERRUPT VECfOR INDEX REGISfER CIVI « 74} CliH) 

t ♦ ■ t ♦ . ■ -f + ♦ 

1 U i U U J U I I II 11 i 
Jll HI III III iU ill 

ill III l+t ++♦ 4++ +++•• ?»17 IGNORE 

III ill f—»» 6 I,R tWRITe) I4R 

HI III 

*♦♦ ♦44»'*- Q«S. 74. 



IOtO,2O40r2O6O ENGINEEFISS rUNCflONAL • SPECi CMAP 4,1 PAGE 52 
MASSBUS CONTROI/iiER CRH205 hUD CHANNELS (MBOJC) • REV 2 

OAfAI INTERRUPT VECf OR IN0EX REGISTER CIYI f 74) tRH5 

^ <!• * • 4 «> •> W -f W «> » if 4l»'all » 4' «• «• '■> 4"* ^ * # 
♦ t + + + t + 

^ Wf^lllf 'Jfpi Wf^ tHt ^ l|p lit' illl^ 'ii^ . JIV 4IIR MR *^ ||»-IP> lift -» ■IllfrHIP' <IRI ^ 

U I i U I U Hi 1 1 i i u 

ill Ui ui ui lu iu 

Ui IJi in ♦♦+•♦■++ ♦++•• 27-35 lYR CiRlfEl IVR 

UI Ui Ui 



1080,2040,2060 ENGINEgRIMG FUNCTIONftI, • SPEC CliAP 4,i PAGE S3 
MASSBUS CONTROliI^ER (R»20) AND CHANNELS tMBQJt) » REV 2 

DATAI READ REGISTER im w IB) im) 

4' 9 • <P> 4- '!» <• W 4^ « « « 4. :«K «!> •* <^ 4ir ar «K 4- «> <* <* 1^ 

♦ + + t + + ♦ 

4' • • • .4 •• • «» ij^ ••.«» • 4. .ini»- 4. low*.^, ,»» • (► 4 

III iti lu in ill iu 
iii iii Hi Hiiii III 

Hi a I 4 ♦♦ t++ t+t ♦t+«- 7*17 yKUSED ( 1 1 ) 

Ui Hi +•-•• 6 UNWSED (1*1) 

i U J It 

t++ 44+,, 0»S 75 REGISTER SEliECf 



1080,2040,2060 ENGINEERING PUNCflONAL • SPEC' CHAP 4,1 PAGE S4 
MASSBUS CONTRDLI^ER (RH20) AND CHAN«i£l,S (MBOJC) * REV 2 

BATAI READ REGISTER CRR » 75) (RH) 

+ , + . 4- ■ + + ■ + + 

Ill III HI III lU Hi 
Hi Hi IIIIU iii UJ 
4.+t +4-4 44.+ 4.^4. +4.4. +++.« 18»3S BAfA {18) 



i080i204©,2060 ENGINEERING FUIICflONAli •SPEC CHAP 4,1 PAGERS 
MASSByS CONfROUER (RM20) AND CHANNEl^S CMIOX) - REV 2 

OAfAO READ lEeiSfER (m 9 19) ihU} 

♦ ♦ + ♦ + ♦ + 

tu m ill HI iiiiir 

III Ml III III III III 

ill ill i+f 4+t #♦+ 4++,-, 7*17 lONOtB 

III ill +*••• # IGNOI^E 

III HI 

+♦+ ttt»« 0*S 75 (WRIT!) tm) 



1080,2040,2060 ENGINEERING FUNCTIONAL - SPEC CHAP 4.1 PAGE 5& 
MASSiOS CONTROtl^ER (RH20) AND CUhUmtS (MBOX) * REV 2 

DAf AO REAP REGISTER (RR w 7§} CR«) 

♦ •■♦'■ ^ ♦■■■♦ ^ ■■♦. t ' =^ t ^ 

Ui III UJ Hi lii lU 
Ul lU lUlU UIUI 
t++ f++ tf+ t+t 44.+ 4ft»* t8»3i IGNORE 



1080,2040,2060 ENGINEERING FUNCTlDfrAl, •SPEC CHAP 4»l PAGE 57 
MASSBtfS CONfR0X,lER (R«20) AND CHANWEliS CHBOX) • REV 2 

0AfAI WRITE RfiGtSIER (WR » tfe) ihU) 

t ♦ ♦ + + ♦ t 

til ill III lit lil lU 
Hi HI lif Ullii Ul 
iU III i+* +++ +tf t^f* 7»17 UliUSEP (U) 

III . M i ^ t****- § 0- 

III HI 

f+4 +♦♦•• 0»5 



i080, 2040, 2060 ENGINEERING FUNCTIONAL • SPEC CHAP 4.1 PAGE 58 
MASSBUS CONTROLI^EE (RH20) AND CHANHtLS (MBOX) - REV 2 

DATA! WRIfE REGISTER (WR » 76) CRH) 

♦ ^ +. > t t ^ + 

ill lit III 111 J U ill 

i ti u I i i i u i I i i J i i 

+ -ft tt+ +♦♦+♦♦♦♦+ 'f>+»«l8»|§ D DATA 



1080,2040,2060 ENGlMESRIKg FUNCflONAL - SPEC CUkP 4,1 PAG£ §9 
MASSBUS CONlROtLER (RH20) AND CHANMEliS (MiOX) • REV 2 

DAfAO WBIfE REGISTER (WR » 76) CM) 

+ + +■■ . ♦■•■ +■ ♦ .+' 

Hi iii 111 lii iiiiii 
mm Hi III ui lu 

III ill i+t ++♦ +++ ♦+4.». 1»17 IGNORE 

III 111 ♦•••• 6 iR (WRITER hR 

ill III 

♦+t %+■+•• 0*§- t.R ■ 



1080,2040,2060 EJIGINEERIN6 FUHCfJONAl, • SPEC CHAP 4,4 PAGE ^Q 
MASS8US CONTROUER tRH2a) AND CHANMEtS (MBOX) - REV 2 

OATAO WRITE REGISTER (WR * 76) CRH) 

•^ « <«> v4 * «« •> '<!• mil « » 4. « ■• «r if'^ # 9 » '4. «K <p • ^ 
♦ + + + + ■♦•♦ 

ui iu uiju ill Hi 
lii ill ill iii ill Hi 



1080,2040,2060 ESGINIERIUG FUSCtlONAt, • SPEC CftAP 4»l PAGE SI 
MASSiOS CO«fROlii.ER (RH2a) AMD CHANNEliS (MBOX) • REV 2 

DAfAO 0|Aa»OSfIC COHTROt RESISfER CBCR 9 773 (l*H) 

f ■¥ ♦ • •♦ ■ ■ + . + ■ . 4- 

m ill iu lu u« iu 
I u t u 1 1 i 11 J u i 1 1 1 

ill Jll Itt t++ +♦♦♦++•• 7-J7 UMUSiO (t23 
1 1 1 1 1 1 ♦•*•♦ ^0 

tutu 

t+f ♦♦t-» 0-§ 77 RESISTER SEI^ECf 



i080, 2040,2060 ENGIMEfiRiNG FUWCIIOMAii * SPEC CHAP 4,1 PAGE §2 
MASSBOS CONfROliI^ER (RE20) AND CHANNELS (MiOXJ • REV 2 

0ATAO OlAGNOSflC CONfROI* REGISTER (OCR * 77 3 (RH) 

♦ ■■•+■■ ■+4' ♦■+■■■ -f 

lu iii Mi iii Hi Hi 
III lu ill ui lu ill 

U J U 4 U i i i i i I i It +— 3§ C CLOCK 

III III iU UMUI+™ 34 A AffiNTlON 

III ill III ill ill ♦•—33 NOT USED 

U i U I II M U I U 

III III ill III ii*»» 32 EM mt> BLOCK CMASSSUS SYM) 

III III HI IU i+»— 31 E EXCEPfjOn 

ill III III III +••— 30 RW READ WRITE 

III III ill III 

III III 111 lif* 29 EPC EVEW PARITY CHECK 

mill III i+»*» 28 BAR BLOCK AOPRiSS REGISTER Cf EST) 

III Mi ill +•*•* 27 C»T CONTROL Sys TEST 

ill III 111 

I U I i i 11 +•• 2i TT f RAJJSrsR TEST 

t++ +tt ♦♦••• t8-2S WNOSE0 (8) 



1080,2040,2060 EUGINEERXNG FUKCTIONAL - SPEC CHAP 4,1 PAGE 63 
MASSBUS CONTROLtEB CBH20) AND CHAMNEl,S C«MX) -REV 2 

DATA! DIAGNOSTIC CONTROL REGISTER (0CR « 77) thm 

^ » • ip ^ .<p W « 4. • ■> * ,^ W .ap.4* ^. apt «> .pr ^ « an «. ^ 
♦ t . ♦ . ■+ + ■+ + 

-f • «.«|F :^ «-M «.^ 4* «P «;<f. VR'lllt i» ^ <■ ■> • ^. ap «P <« ^ 

u 1 u r u M 1 1 4 i i III 

1 1 M U U i U I H i U i 

ill Ul J+++tt ♦♦++++-• 7«17 IGNORE 

JJI Hi +*»*- 6 hU CWRIfi) hu 
lU lU 

t4^ ^4.4.«» 0-5 77 (WRITEJ IS 



108O,2O40#2O60 ENGINEERING FUNCTIONAL • SPEC^ CHAP 4.1 PAGE 64 
MASSBOS CONTROW^ER CRH20) AWD CHANNELS (MBOJC) - REV 2 

DATA! DIAGNOSTIC CONTROI* REGISTER (0CR » 77) CRM) 

4' • V^'W ^ « « 4K ^ «k « a> ^ If ip «• ^ «p <p <■> ^. «• « «» ^ 

+ t + + ♦ 4- + 
IM Ul Ui IIJ Hi iiJ 

u i i u Hi Ui mm 

ill ill Hi in ill Uf 3S C (WRITE) chom 

ill III ill III lit H— 34 A C WRITE) ATTENTION 

IM ill ill III III ♦—— 33 IGNORE 

III ill 111 111 Ui 

i U i i 1 1 U ill 1 1 ♦*• 32 EBii (WRITE) EBl. 

in 1 1 1 1 1 1 III i4-»» 31 E (WRITE) IKCIPTION 

III 111 111 1 11 +••—30 m (WRITE) R/W 

Ui Ui III III 

ill Ui ill iif» 29 EPC WRITE iVEN PARITt TEST 

111 Ui IUI+—» 28 BAR (WRITE) BAR TEST 

I U U 1 11 1 t*— 27 CST (WRITE) CS TEST 

U I U I I U 

ill Ui U+»» 26 TT (WRITE) fTjRA ENi 

♦+♦++♦♦♦••• lt»2S IGNORE 

(END CH4S0l,SPCJ 



1080f2040f2060 ENGINEERING fUNCTIONAL SPEC • CHAP 4,3 

TOl KhlQ hUf, J, PARSX.OW C200 fimU D. WIQW t»0fE8OOKJ 

f Ifl,ES FRONT ENO IMfEBFACi CPTE203 • REV 7 

STAf USS THIS CHAPtER iNCIiUOES IHE RESUfcf Of THE FUNC SPEC 
REVIEW, If INCLUDES JIID»S APRII. 2 lOP PROfOSAI,, THIS 
CHAPf BR DESCRIBES fHE EBWS PARlfX, OMlByS PARltl, AND 
Pi rWCflONS WHICH ARE JlOf I» THE BREAeBOARO, hmtUt 
IT CONTAINS fHE -U lAND APPROVED VECTOR ADDRESSES, 

FIliEj tEF§lCH4S03,SPC 

POH #{ 2OO»2S0»Ot2*07 

OATEI 23 APR 75 

SWPERSEDE0 MEMOSi IfilTIAIi SPEC fOR 1§/U INTERFACE, T, EGOERS* 

10 OCT 721 0TE2O DEPOSIT/EXAMINE, a, 
liBONARO, 8 J«OV 71 

SUPERSEOEP SPECSI 10/11 INTERFACE SPECIFICAf ION, W, BROCRERf, 

13 APRIli 731 OTE20,81»lf «. BlUCKERf, 
26 MARCH 74 

ENGINEERI if, IROCKERT, T, EGGERS 

APPROVED! 

EDITOR? T. HASTIUGS 

T¥PIST| a, MCCARTHY 

REVIEWED! 28 MAX 74, 16 MAI 74 

ABSfRACf 

THE FROUT END INTERFACE OR OTE20 PROVIDES AN ISTERFACE lEf WEEN 
A Kl.10 CPU AND A P»P»U, CAIiliEO A FRONT END, OP TO 4 DTE2DS 
MAY BE CONNECTED TO A SinQhE KilO CPW, UP TO 4 DTE20S MAV fiE 
COMNECTED TO A SlNGfcE FRONT END/ THE DfE20 AW^OMS THE PDP-il 
TO PERFORM C0iiS0l,E FWNCTIONS, S«CH AS EXAMINE AND DEPOSIT, THE 
OTE20 PROVIDES A VARIABliE'SPEED, ME«ORf»TO«MEMORY ByTC TRANSFER 
CApAiltlTY, THE POP»U DRIVES UNIT RECORD EQUIPMENT AND 
COMMUNICATION SEAR ATTACHED TO THE PDP* 11 BNtiUS, r|NAl.W THE 
DTE20 ALLOWS THE PDP-11 TO DIAGNOSE THE Kl,l# CPO AND MANY OTHER 
COMPONENTS, 
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CHAP 4,3 



PAQt 2 



REVISJON mSTORX 
REV DESCRIPTION 




i 

a 

3 

4 

S 

7 



cm NO ORIS 



DATE 



mpm TO REVIEW 

CMASGES FROM REVIEW f UNliUS 

CMANaii FROM 46 MAX REVIEW 

LAtESt U^OAfE 

mil hknP VECTOR ADDRESSES 

FINAl. •!! WNB VECTOR AOORESSES 

urPAfE EXAMlliE/OEPOSIT 

A0OED CAUTION «SI«G »IS 



2% 

to 

20 

3. 

a 

20 
23 



MAR 
MAi 

MAX 

SEP: 
DEC 

«AR 
APR 



APPO 8¥ MfE 



74 
14 
74 
74 
74 
75 
75 
75 



Cl7 DEC? 
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FRONT END INTERFACE (DTE20) * REV 7 



0, CONTEIiTS 

1 , INTRODUCTION 

2, TKRMlNOI^Oaif 

3, 60AI.S 

4, iim»GQAm 

5, COSVENTIOMS 

6, SUMMARY OF HEGISTERS 

7, CONSOluE FUNCTIOM 

8, POORBEW* 

f» BlfTE flAKSrER • COMMOfI to iOTH jDIRECTIONS 

JO, TO»|a fiXTE TRANSrER 

,U, TO-ll B¥fE TRANSFER 

12, GEMERAli PROGRAMMIWa IHFORMATJON 

13, ERROR DETECflOR 

14, OIAGSOSIKG THE KUO 

15, BIAGNOSING TME BTE20 

16, REtOA0|lia THE P0P»U 

17, KilO REGISTtRS 

18, PPP»U REGISfERS 

19, APPENDIX * 0NI8OS PARIT¥ SPECIFICftflOW 

20, luoex 

1, ISTRQDUCTtOU 

EACH CPU IN A KI.IO SlfSfEM CAW HAVE FROM I TO 4 POP-llS ATfACHEO 
EACH SERVIMG AS A SO*CAfcI*ED FROIJT ENO PROCESSOR, EACHP0P-11 
IS COWiECTED TO TIE KMO »y A SEPARATE INTERFACE, CAliiiE© THE 
»tE20, fME PWRPOSES OF THE FROMT ENPS ARE VARIED, SOME 
P|>P*US CAK BE MI.TI»PllRPOSE«HIIiE OTHERS ARE DEOICAtED, THE 
PORPOIES or FRONT E»OS CAN BE| 

U HANOUNG WHIT RECORD EQyipMENf SUCH AS A CARD REAOER 

km h hint; printer, 

2, HANOM»G ASf»CHRO«OUS CQMMUMICATION GEAR, 

3, BAN0MNG SfNCHROMOUS COMMUNICATION GEAR, 

4, PROVIOING A IiONG TERM POMER LINE FREQMENCy CWCK, 

5, REPI.ACING THE liIGHfS ANO SMTCHES OF A fRADIf lONAI* 
COMPUTER CONSOliE MTH AN INTERACf IVE CONSOLE COMMAND 
MNGUAGE, 

i, DIAGNOSING THE Kl,10 CPW AND OTHER rUNCtlONAI* 
COMPONENTS, 

7, RUNNING A DEDICATED REAI^-TIME DATA ACQUISITION SfSTEM 
OR CONTROlifelNG AM Oi»tINE EXPERIMENT, C NOT SUPPORTED 
IN SOFTWARE lNITtAI.Iif,r 

8, iOOf STRAPPING THE SXSfEM, 
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THE I)TE20 INTERFACE HAS 8EEN DESIGNED WITH THE ABOVE PURPOSES 
IK MIND, FROM I TO 4 OTE20S ARE BUIl^T INTO A KliIO CPU AND 
INTERFACE WITH IT USING THE EiUS, THEDTE20 aENERATKS PARITt 
ON DEPOSIT DATA AND DETECTS PARITf ERRORS OH BYTE TRANSFER DATA 
AND EXAMINE DATA OVER THE EBUS, THE DTE20 CONNECTSTO THE 
PDP»ll AS A STANDARD UNIBUS PERIPHERAl* USING INTERRUPT AllD 
DEVICE ADDRESSES. OP TO 4 DTE20S CAN BE CONNECTED TO A PDP-U, 
m A 4 KLIO CPU SYSTEM, THERE CAN SE 4 PDP*11S, WHERE EACH CAM 
TAI.K TO AI*L OF THE KLJOS, ^ITH AN EFFECTIVE CROSS»BAR SWITCH 
Mhm UP or JJ DTE20S, AT THE OTHER EXTREME, IT IS AJ.SO 
POSSIBLE TO HAVE Ife PDP-US, WHERE EACH PDP»tl CAN 0»t,¥ TAI.K TO 
I KLIO CPU EACH USING I DTE20. COMBINATIONS IN BETWEEN ARE 
AliSO P0S51BI.E, IT HAS NOT YET BUM DETERMINED WHICH OF THESE 
POSSIBLE CONFIGURATIONS WILL IE SUPPORTED if SOFTWARE, THE 
DfE20 USES BOTH THE MPR CDIRECT MEMORY ACCCSS) AND VECTOR 
INTERRUPT FEATURES OF THE POP«U , THE DTE20 ALSO CONTAINS THE 
LOGIC TO DETECT PDP*U CORE MEM&RY PARITY ERRORS DURING NpR 
TRANSFERS, IF THE MEMORY BEING ACCESSED COMtAINS THE PARITY 
OPTION (MFUUP), SEE MFilUp SPECIFICATION FOR ERROR REGISTER 
INFORMATION, FINALLY THE 0T120 FOLLOWS THE RECiNTL¥ APPROVED 
UNIBUS PARITY SCHEME, SEE SECTION 13 FOR DTE20 DESCRIPriON, 
SEE APPENDIX FOR APPROVED UNI6US PARITY SPECIFICATION, 

THE DTE20 PROVIDES THE FOLLOWING CAPABILXTIESI 

J, CONSOLE FUNCTIONS OF EXAMINE AND DEPOSIT, RESTRICTED 
AND UKRESTRICTEO, 

2, DOORiELL FUNCTION WHERE THE •U CAN INTERRUPT THE •10 
AND ¥lCi VERSA, 

3, HIGH SPEED SIMULTANEOUS TWO»WAY TRANSFER OF VARIABLE 
BYTE DATA BETWEEN •U AND -10 MEMORY, 

4, DIAGNOSTIC BUS FOR THE •li TO DIAGNOSE THE .10. 

5, KLIO INITIATED BOOTSTRAP STARTUP OF THE POP-U, 

ft, MECHANISM CDIAGN0STIC BUS) TO LOAD MIC«0<ODE INTO THE 
CRAM, EXECUTE P0P»l0 INSTRUCTIONS, ANO START AND STOP 
THE •JO, 
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2, TERMINOliOGy 

2»1 •11 OWNE£> COMMUNICAflOS REGION 

AN AREA or -10 MEMORf DEriNEO BY THE OEPOWf RELOCATIOIi AN0 
PROTECTION WORD IN THE EFT CEPTDPM), WRITTEN BJ THE •11 USINa 
PROTECTED DEPOSITS, AND READ BJ THE •10, IT IS USED FOR 
COOROlNAf ING STATUSES, PREPARING FOR BITE TRANSFER OPERATIONS, 
AND PASSING I.IMTEO AMOUNTS Of DATA. EACi •!! IN THE SYSTEM 
HAS A SEPARATE -H OWNED COMMUNICATION REGION IN *10 MEMORY 
«|ICH IT AWNE CAN MODiry» 

2.2 •lO OWNED COMMUNICATION REGION 

AN AREA OF -10 MEMORY DEFINED PURELY IN SOFTWARE, SEPARATE FROM 
TilE *U OWNED COMMUNICATION REGION, WRITTEN lY THE »10 AND READ 
BY THE -U USING PROTECTED EXAMINES, IT IS USED FOR 
COORDINATING STATUSES, PREPARING BYTE TRANSFER OPERATIONS, AND 
PASSING I,IMITED AMOUNTS Of DATA, 

2.3 PRIVItiEGEO FRONT END 

A PRIVILEGED FRONT END IS A PDP^U ATTACHED TO A KLIO VIA A 
DTE20 WHICH CAN USE THE DIAGNOSTIC BUS AND CAN DO UNPROTECTED 
DEPOSITS, A MANUAL SWITCH CPHIVILEGED) ON EACH DTE20 IS USED 
TO INDICATE PRIVILEGED FRONT END OR RESTRICTED FRONT END FOR 
TME ATTACHED •11, A PRIVILEGED FRONT END CAN CRASH THE -10, 
tiREADBOARD AND 1080 ALWAYS PRIVIiiEGEDj 

2.4 RESTRICTED FRONT END 

A RESTRICTED FRONT END IS A PDP'll ATTACMED TO A KLIO VIA A 
OTE20 WHICH CANNOT CRASH THE KLlO IF flE^IO HARDWARE AND 
SOFTWARE ARE WORKING CORRECTLY. A RESTRICTED FRONT END IS 
PREVENTED FROM USING THE DIAGNOSTIC BUS, A RESTRICTED FRONT 
END CAN ONLY ACCESS -10 MEMORY AFTER THE -10 HAS DONE A CONO TO 
ALLOW USE or DTE PI 0, WHEN SO ENABLED* THE RESTRICTED FRONT 
END CAN ONLY EXAMINE IN A •10 OWNED COMMUNICATION REGION AND 
CAN ONLY DEPOSIT IN ITS OWN •!! OWNED COMMUNICATION REGION, 

2.5 NORMAL TERMINATION 

A FLIP-FLOP AND INTERRUPT OCCURRING AT f HEr END OF A BYTE DATA 
TRANSFER, THE TERM DONE IS NOT USED BECAUSE UNLIKE ALL OTHER 
DONE FLAGS THE NORMAL TERMINATION FMG IS NOT SET IF AN ERROR 
OCCURS, INSfEAD THE ERROR TERMINATION FLAG IS SET, 

2,$ PROTECTED EXAMINES AND DEPOSITS 

AN EXAMINE OR DEPOSIT WHICH IS RELOCATED AND RANGE CHECitED BY 
THE -lO, T«E RELOCATION AND PROTECTION FOR EXAMINE IS SEPARATE 
F^OM THAT OF DEPOSIT, A PRIVILEGED FRONT END CAN OVERRIDE THE 
EXAMINE AND DEPOSIT PROTECTION CHECKS, A RESTRICTED FRONT END 
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CAN NOf OVERRIDE fHE EIAMINE OR DEPOSIT PROfECflON CHECKS, 
tBREAOSOARDj NOT PRESEJITl 



2,7 EXAMINE REGION 

A REaiON IS •lO MEWORf ACCESSED 8¥ fHE »IJ 
EXAMIKCS, 



OSINa PROfECfED 



2.8 DEPOSIT REGION 

A MQim IN •10 MgMORI ACCiSSEO 
DEPOSITS, 

2.9 REliATlVE ADDRESS 



BY tm •11 USING PROTECTED 



AN ADDRESS SPECIFIED if •!! SOFTMARE ON A PROflCTED EKAMIHE OR 
DEPOSIT ADDRESS, fHE ADDRESS IS REUAflVE TO THE EXAMINE OR 
DEPOSIT REGION AMD SO RUNS FROM TO THE MAX REMtlVE ADDRESS 
SPECIFIED BY THE -lO IN fHE APPROPRIATE Etr WORD, 

2,10 Ma2 

ABiREVIATlON FOR MUST BE ZERO, SOFTMARI MUST MAKE SURE A BIT 
liAiELED WITH MBZ IS MHEM WRlflUG A REGISTER, BIfS SO I,ABEI,ED 
ARE RESERVED TO DEC FOR FUTURE HARDWARE, ECOS, MICRO-CODE 
CHANGES, AT PRISlWf THE BITS ARE IGNORED B¥ fHE HARDWARE, 
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3, GOALS 

3.1 SWPPORt TIE FRONf END FUNCflOHS MENTIONCp IN fHE 
INTRODUCflON, SECflON 1. 

3.2 RiStRICfED FRONT EN0 CANNOf CRASH GR SERIOUSLY DEaRADE A 
PROPERl,y pROgRAMMEO KLiO, FURTHERMORE A RESTRICTED FRONT END 
CAMNOf VIOLATE THE SECURITY OF THE SYSTEM^ THUS A RESTRICTED 
FRONT END HAS NO MORE PRIVILEGiS OR CAPABILITIES THAN A ySER 
PROaRAM, CBREADBOARO; PROTECTION NOT PRESENT] 

3.3 ALLOW 18 SIT ADDRESSING IN PDP»ll MEMORY ON ByTE TRANSFERS 
FOR ryTORf GROWTH, HOWEVER THE TWO EXTENSION BITS ARE THE SAME 
FOR BOTH DIRECTIONS, tSREADBOARDj ONLY li BITj 

3.4 SUPPORT UNIBUS PARITY, 

3.5 PROVIDE SUFFICIENT ERROR CHECICING AND DIAGNOSTIC FACILITIES 
TO HELP ISOLATE FAILURES TO THE BOARD LEVEL, 

3.6 DESIGN HARDWARE SO THAT IT WILL BE COMPATIBLE WITH ll/OS 
AMD U/40 CPUS AND THEIR SUCCgSSORS, 

3.7 MINIMIZE CONFLICT OF DEVICE INTERRUPT AND REGISTER 
ADDRESSES BETWEEN REGULARLY SUPPORTED KLIO SYSTEM PDP*U 
PERIPHERALS, LIKELY POP-ll PERIPHERALS PURCHASED FROM DEC, 
CUSTOMER BUILT DEVICES, AND FUTURE DEC BUILT PDP»il 
PERIPHERALS, 



4, iON-GOALS 

4.1 GATHER READ IS NOT PROVIDED, A HANDSHAKE WITH 
EXAMINE/DEPOSIT RITUAL MUST Eg USED TO GATHER READ, 

4.2 BYTE TRANSFERS CAN ONLY GO TO EXEC VIRTUAL ADDRESS SPACE IN 
SECTION 0, 

4.3 CAM ONLY EXAMINE AND DEPOSIT IN THE CURRENT AC BLQCtC WHILE 
S¥STEM RUNS, IBREAOBOARD ALLOWS ALL AC< BLOCKS BUT ONLY 
PHYSICAL AD0RSSSES,3 

4.4 BYTE POINTER IN EPT WILL DO NOTHING USEFUL WITH INDEI: AND 
INDIRECT FIELD, SOFTWARE MUST MAKE SURE 0, 

4.5 ALLOW BYTE TRANSFERS INTO EXEC VIRTUAL EXTENDED SECTIONS 
USING DOUBLE WORD BYTE POINTERS, 

4.6 THERE IS MO POSITIVE ERROR STATUS BIT FOR NXM IN -11 
MEMORY, NXM CAN BE IDENTIFIED ONLY BY THE ABSENCE OF ALL OTHER 
SPECIFIC ERROR BITS WHIN THE GENERAL ERROR Bit IS SET, 
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5, CONVEWflONS USED IN SPEC 

BECAUSE -ll "OUTPUf » IS -10 «IKPUf», THi TERMS IIIPUT MiO OUTPUT 

ARE mt mm, instead ©iRECfion is sPECiriEoiii terms or its 

OESTINAfION> I^E,, fO.lO OR TO-U. P0P»il ftll HUMfeERS I.ESS 
THAM 10 HAVE A I^EADJNa ZERO, WHIM -JO »If MUMB6RS DO NOT, Ail. 
•U REGISTERS ARE l.A6El,ED ACCORDING TO POP-ll CONVENTIONS, 
WHERE THE MAST SiGWiriCANT BIT U 00, THE 081.Y EXCEPTION TO 
THIS RULE IS THE 0S I.INES %U DIAGl IN WHICH THE MOST 
SlaSIFlCAMT Bit IS DSO, AI.I, .iO REalSIERS AUD l^OCATlONS ARE 

hmEhm ACCORoiNC to pop-io conventiows* where the most 

SlGNiriCASIT ilT is 0, BIT ASSIgfelMBNTS FOR -11 AfiO .10 WOR0S 
ARE hhWkXS hWSm FROM l^EFT TO RIGHT, Al.Ii REGISTERS, AS WEi^l, 
AS THE BITS IN EACH REGISTER, HAVE BEEN GIVEN MNEMONICS, THUS 
COJISISTENCy BETWiEW PRIIJTS, MAilUAfcS* DIAGNOSflCSf SfSTEM 
sort WARE AND 0ECALS ON HARDiilARB IS P0SSIB1*E, 



<» 



UNLESS OTHERWISE SPECiriEO Atl, BITS MHICH THE SOFTWARE CAN READ 
FROM REGISTERS IN THE -10 ANP -11 REFLECT THE CURRENT STATE OF 
THE HARDWARE (EVEN THOUGH A RAM IS SOMETIMES USED TO H01.0 A 
COPf OF THE REGISTERS). EXCEPTIONS ARE INDICATED BY SAriNGJ 
BEAD RETURNS THE VAI.UE STORED S¥ THE SOFTWARE ON THE l,ASt 
REGISTER iRIfE, 

THE NEXT FEW SECTIONS DESCRIBE HOW TO PROGRAM THE VARIOUS 
FUNCTIONS IN THE MOST STRAIGHTFORWARD WAf, THE REMAINING 
SECTIONS DESCRIBE THE REGISTER LAIOUTS IN OETAII., 
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6, syMMARX or REaisfERs in « ofsao interface • o-3) 

6,1 PDP^IO ACCESSABl,E REGISTERS CDTEO * 200, 0TE1 » 204, 01E2 • 
210, ©fE3 I! 2H) 



IfOCATIOK 
COKI WEN, 



FUNCTION 

DTE20 STATUS, INTERRUPT FI^AGS, 
ERRORS, .ETC,: 



CORO 
DAfAO 



DTEN, 
DTEN, 



0fE2O STATUS ANO CONTROL 

lYTE COWIIT FOR TO^-iO 
TRANSFERS 



BYTE 



DATA! DTEN^ 



EETBRN ZEROS CRESERVgp FOR DEC 
FOR FPTORE HAPD^ARE) 



6,2 PDP^JO MEMOW LOCATIOSS IN THE EPT 

EIGHT LOCATIONS ARE ASSIGNEO TO EACH DTE20 (N a 0,1,2,3)* 



LOCATION 

140 + 8#N 

141 + 8#N 

142 -f 8#N 

143 t 8»N 

144 + 8#N 

145 ♦ 8*N 

146 t 8«M 

147 + 8#N 



S¥M80L NAME 

EPTEBP TO BLiViN BYTE POINTER 

EPf T8P TO TEN iifTi POINTER 

EPTDII &TE20 INTERRUPT IKSTROCTION 

UNUSED 

EXAMINE PROTECT mm 

EXAMINE RELOC WRD 

DEPOSIT PROTECT «0R0 

DEPOSIT RELOC WORD 
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6»3 PDP-3H liOCATlONS (BASE « 774400 + 40#M, WHEBE N « 0-3) 

KOfEl ADDRESSES 0-26 ARE SfORED IN RAM AND ARE NOT AFFECTED B¥ 
UNIBUS INIf, ADDRESSES 30*36 ARE iMPfcEMENfED AS REGISTERS AND 
ARE IN1TIAI.IZED B¥ WIBUS INIT, 



ADDRESS 
BASE f 

BASE + 2 

BASE -♦■ 4 
BASE t b 

BASE ♦ JO 
BASE ♦ 12 

BASE ♦ 14 
BASE ♦ 16 
BASE + 20 

BASE ♦ 22 

BASE t 24 
BASE t 26 
BASE t 30 
BASE 4-32 
BASE f 34 
BASE ♦ 36 



SIMBOl. USE 

DI.YCNT T0»10 
T0»11 



NAME 

DELAY COUNT 



DEXWD3 DEP/EX DEPOSIT/EXAMINE DATA 

WORD 3 tBREAOSOARDi 

DEXiDlJ' 



0EXW02 DIP/EX DEPOSIT/EXAMINE 

WORD 2 



DATA 



DEXWDl DEP/EX DEPOSIT/EXAMINE DATA 

WORD 1 CBREADiOARDj 
DeXWD33 



TEN AD 1 DIP/IX 10 ADDRESS WORD 

DEPOSIT/EXAMINE 



1 FOR 



TENAD2 DEP/EX 10 ADDRESS WORD 2 

DEPOSIT/EXAMINE 



FOR 



TOlOBC TO-JO 
TOllBC TO* 11 



T0»»10 B¥TE COUNT 
TO- 11 B¥TE COUNT 



TOIOAD 


TO*10 


T0»10 PDP-11 MEMORf 
ADDRESS 


TOllAP 


T0»11 


TO»lt PDP-41 MEMORY 
APDRESS 


TOIOOT 


TO'olO 


T0*10 PDPwll DATA WORD 


TOllOT 


T0»ll 


T0*11 PDP-11 DATA WORD 


DIAGl 


DIAG 


DIAGNOSTIC WORD 1 


DIAG2 


DIAG 


DIAGNOSTIC WORD 2 


STATUS, 


AIili 


STATUS WORD 


D1AG3 


TO»J0 
DIAG 


DIAGNOSTIC WORD 3 
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6,4 PDP*ll CORE WCATXONS 



DTE20 
NUMBER 




I 
2 

3 



P©P*il 
DgViCB CiASE) 

mQUtms-' 

774400 
774440 
774S00 
774S40 



POP-11 
VECfOR 
INfERRtJPf 

774 

770 

764 

760 



PDP-IO PDtwiO 
DEVICE SIHSOl, 
CODE- 



200 
204 
210 
214 



DfEO 
Ofil 
DTE2 

mm 



6,5 EBUS COMMON JCATION 

SEE CHAPTER 5,2, E8US • EBOX TO RH20, OTE20, WA20 INTERFACE 



lOP 

lOP 
lOP 
lOP 



FUNCTION 

FUNCTION 
FUNCTION 
FUNCTION 



2 VECTOR INTERRUPT JBREAOIOARDI 
NOT USEDJ 

4 OAT AO 

5 OATAI 

6 BITE TRANSFER 



THE DTE20 AWOWS THE SOFTiARE TO SET TME FOI.I1OWING riEl,&S OF 
THE 36 BIT lOP FUNCTION MORP, 

1, SPACE FIELD C0»2J SPICIFfING ADDRESS SPACE 

2, UNUSED SITS tll»12J 

3, ADDRESS FIELD tl3«3$J 

THE PI SOABO SUPPi^IES THE PiXSlCAl, CONTROLI,ER FIELD H-IOJ, 
THE DTE20 ASSERTS QUALIFIER t6J FOR ALl* EXAMINES AND DEPOSITES 
il A RESTRICTED FRONT END WHETHER PROTECTED OR NOT, THE OTE20 
ASSERTS aUAWFlER [6J FOR AIiL PROTECTED EXAMINES AND DEPOSITS 
SX A PRIVILEGED FRONT END AND DOES NOT ASSERT IT IF THE 
PRIVILEGED FRONT END MAKES AN UNPROTECTED EXAMINE OR DEPOSIT, 
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7, CONiOl,E rUNCflOMS 

ONE or THE FUNCTIONS OF THE .ll IS TO PROVIDE THg TRAPITIONAL 
COMPPtER CONSOI^E ftfNCTlON3, THE -U IS fROGBAMMED TO ACCEPT 
CONSOLE COMMANDS TO OiSPLAY liOCATIONS IN *10 ifWORf, START THE 
KfelO, STOP THE ikhlOf CUHQE LOCATIONS IN KfciO MEMOR¥, ETC. 
THIS IS 0ONE ON ONE OR MORE OF THE TERMINAX-S CONNiCTEO TO THE 
•iU SEE CHAPTER J. ft, CONSOLE FUNCTIONS, FOR A DESCRIPTION OF 
THE COWSOIiE COMMANDS, 

7,1 CONSOi^E SWITCHES 

THE J)TB20 PROVIUES EXAMINE ANp DEPOSIT FUNCTIONS SO THAT THE 
P0P*11 CAN FETCH OR CHANGE ANY LOCATION IN THE COMMUNICATION 
AREA or THE UtlO PHYSICAL MEMORY ««Il,E THE SySTE» IS RUNNING OR 
EXECUTING A HALT, THE EBOX CLOCK MUST BE RUNNING IBREAOBOftROj 
A PI MUSI iE ASSIGNED AMD CANNOT »E HALIEUJ , THE EXAMINE AND 
DEPOSIT FUNCTIONS (AND BYTE TRANSFERS) ARE HANDLED AS A PI 
REQUEST AND HAS PRIORITf HIGHER THAN AN¥ PROaRAWMED PI LEVEL, 
IT IS REFERRED TO AS PI 0, EVEN THOUGH EXAHXNE AND DEPOSIT MORK 
WHEN Til PI SfSTEM IS TURNEO OFF AND THE CPU IS HALTED* 
tSREADeOARDl EXAMINE AND DEPOSIT WORK AT SABE PROGRAMMED PI 
CHANNEL AS FOR BYTE TRANSFERS,! 

THERE ARE TWO TYPES OF EXAMINE/DEPOSIT FUNCTION, PROTECTED AND 
UNPROTECTED, PROTECTED EXAMINES AND DEPOSITS ARE NORMAL FOR 
PRIVILEGED AND RESTRICTED FRONT ENDS, EXAMINES ARE RELOCATED 
AND PROTECTED SEPARATELY FROM DEPOSITS, IN THIS WAY THE 
EXAMINE REGION CAN iE MADE TO INCORPORATE ALL OF THE REGIONS 
WHICH THE •lOS AND THE »iJS CAN DEPOSIT INTO, WHILE THE DEPOSIT 
REGION CAN BE SEPARATE FOR EACH *U, UNPROTECTED EXAMINES AMD 
DEPOSITS ARE ABNORMAL, REQUIRE SPECIAL PROGRAMMING* AND MAY 
ADDRESS ANY AREA IN wiQ MEMORY IN ANY Of THE FOLLOWING ADDRESS 
SPACESI CD EXEC PROCESS TAiLE, (23 EXEC VIRTUAL ADDRESS, (33 
PHYSICAL* IN ORDER FOR A RESTRICTED FRONT END TO 00 EXAMINES 
OR DEPOSITS or ANY KIND, THE •10 MUST ENABLE PI 0, PRIVILEGED 
FRONT ENDS CAN ALMAYS USE PI FOR ANY KIND OF EXAMINE OR 
DEPOSIT, 

7,2 CONSOLE LIGHTS 

OTHER CONSOLE FUNCTIONS^ SUCH AS DISPLAYING THE CONTENTS OF 
CERTAIN CPU REGISTERS OR MEMORY LOCATIONi, MUST SI DONE WITH 
THE COOPERATION OF THE OPERATING SYSTEM, THE OPERATING SYSTEM 
MUST PERIOOICALLY STORE THE QUANTITIES TO BE DISPLAYED IN THE 
COMMUNICATIONS AREA, INFORMATION SO UISPLAYED MAY INCLUDE THE 
STATE OF THE PI SYSTEM, THE CURRENT JOB NUMBER BEING RUN, THE 
NUMBER OF ACTIVE aOBS, THE PROGRAM COUNTER ON THE LAST CLOCK 
INTERRUPT, ETC. IT IS POSSIBLE TO SIMULATE ALL OF THE KI 
CONSOLE LIGHTS USED WHILE THE SYSTEM IS JN NORMAL OPERATION, 
HAaOR KL CPU STATE INrORMATlON IS CONTINUOUSLY AVAILABLE ON THE 
7 DS LINES IN OlAGl WHILE THE SYSTEM RUNS, IF THE «J0 CRASHES, 
THE PDP.U CAN USE THE DIAGNOSTIC BUS TO OElERMiNg ADDITIONAL 
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MAROWARi: STAfOS ISFORMAfJON, THE PDP»U MUST NOT USS T«E 
DiA6N03Tie Ills FOR ©ATA TRAJSSFERS DURWG NORMAL SYSTEM 
OPERATION BECAUSE It Uthh INTERFERE WITH fRAPFIC ON T«E EStfS, 
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7,3 COMMUNICAflON REGION REtOCATION AND PROfECflOK CBREADSOARDI 
MOf PRiSENfl 

COMMWNlCAflON REGIONS ARE THE NORMAL mM$ fOR COM»U»IGATIOfi 
COmmh iNrORMAfiOS BEf«EEM •lOS AN© .US, FOR RESTRICfEO 
FRONf ENDS, T«E -10 MOSf ENABl^E PX BEFORE EXAMINES OR 
DEPOSITS CPROfECTED OHUY Al^LOWED) CAN BE DONE. FOR 
REl.IABIiIf¥, EACH -lO AND EACH •U HAS A C0MM««CATI0N REGION 
>«I«ICH If AWm CAN WRITE, EACH •10 AND EACH •11 GAM SE SET UP 
TO ALMW READING khh OF THE COMMUNICATION REGIONS IM THE 
SmEM, AGAIN FOR REI.IABIUTX, THE •llS A^WAXS USE PROTECTED 
EKAHINES AND DEPOSITS FOR OEAfclWG WITH COMMUNICATION REGIONS, 
iECAMSE THE KLIO REI^OCATES khh PROTECTED EXAMINES AND DEPOSITS 
THE •!! SOFTWARE DEALS »IT« RELATIVE ADDRESSES WHICH ARE 
RELATIVE WITH RESPECT TO THE EXAMINE OR DEPOSIT REGIONS NO 
MATTER WHICH OF THE 4 FRONT ENDS IT 15^ FIRSf THE KWO 
(MICRO»CODE) TAKES THE RELATIVE EXAMINE OR DEPOSIT ADDRESS AND 
COMPARES IT WITH I«£ PROTECTION WORD IN THE EPT FOR THAT DTE20. 
IL.!**! ^^fiJ^A^IVE ADDRESS EXCEEDS THE PROTECTION THEN AN EXAMINE 
RETORKS AND A DEPOSIT DOES NOTHING, IF THE RELATIVE ADDRESS 
IS LESS THAN OR EOUAL TO THE PROTECTION WORD, THE RELATIVE 
ADDRESS IS ADDED TO THE 23 BIT PHYSICAL ADDRESS STORED IN THE 
RELOCATION WORD FOR THAT DTE20, THE RELOCATED ADDRESS IS THEN 
USED TO REFERENCE THE DATA, ALL PAGING VIOLATIONS i^lLL CAUSE 
All 10 PAGE FAIL INTERRUPT IN THE APR AND ARE CONSIDERED SERIOUS 
S¥STE« .ERRORS, 

THE EXAMINE PROTECTION WORDS ARE STORED IN EPf LOCATIONS! 

144 ♦ N#8 EFTEPi EXAMINE PROTECTION 
14§ ♦ N»8 EXAMINE RELOCATION 

THE DEPOSIT PROTECTION WORDS ARE STORED IN EPT LOCATIONS! 

146 ♦ N#8 Ef TDPH DEPOSIT PROTECTION 
14"^ •*• N*8 DEPOSIT RELOCATION 

A PROTECTION iiiORD SPECIFIES THE NUMBER OF WORDS ACESSI8LE, 
E,G., AN EXAMINE PROTECTION WORD OF 100 SPECIFIID THAT THg ONLSf 
LEGAL ADDRESSES AN •11 MA¥ SPECIFy FOR PROTtCTlD EXAMINES ARE 
THOSE IN THE RANGE ©•I?, A RELOCATION WORD SPECIFIES THE 
PHlfSICAL ADDRESS TO WHICH PROTECTED ADDRESS WILL §£ 
RELOCATED, THUS, IF THE DEPOSIT PROTECftON WORD IS 20 AND THE 
DEPOSIT RELOCATION WORD IS 24110, T«Ei •! I MAI STORE INTO 
PHYSICAL LOCATIONS 24§i0 THROUGH 24627 fit USE OF ADORESES 0-17 , 
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7, i PROGRAMMING • COMMON fO E^AMIME AJS© DEPOSIT 

IN ORDER fO SPECjrX A 36 SIT PDF-JO DATA WORD, THREE -U WORDS 
ARE mm, THEt ARE DEPOSIT/EXAMINE DATA WORD 1 COEXWDUi 
DEPOSIT/EXAMINE DATA WORD 2 (DEXWD2J,A»D0EP0Sif /EXAMINE DATA 
WORD 3 tD£XW03), 

IN ORDER TO SPECir¥ A 23 BIT PDP-IO ADDRESS, TWO -U WORDS ARE 
WSED, THEX ARE TEN ADDRESS WORD J CTENADI) AND TEN ADDRESS 
WORD 2 (TENAD2). THE HIGH ORDER PART OF TENADl IS USED FOR 
CONTROL, TENADUDEPJ SPECIFIES WHETHER AN EXAMINE OR DEPOSIT 
IS TO BE DONE, FOR A PRIVILEGED FRONT END TENADl EPRTOrrj CAN 
BE SET iy THE SOFTWARE IN ORDER TO PERFORM AN UNPROTECTED 
EXAMINE OR DEPOSIT, ON DNPROTECTID OPERATIONS, THE SPACE rjE|,0 
SPECiriES THE TtPE OF ADDRESSi EXEC VlRTUAt., EXEC PROCESS 
TABtE (EPf), OR PHlfSICAti. rBREADBOARDs ONl^I PHYSICAL IS 
PROVIDED, HOWEVER THE 8REA0B0ARD CAN EXAMINE ANJ AC BLOCK, J AN 
EXEC VIRTUAL, OR PHYSICAL ADDRESS, LESS T«AN 20 REFERENCES THE 
CURRENT AC BLOCK OF THE MACHINE. < REMEMBER THE KL 10 DIFFERS 
FROM THE KI IN THAT THERE IS NO DISTINCflOM 8ETWEEN EXEC ACS 
AND USER ACS, THE FIRST 7 OF THE 8 AC SLOCKS CAN BE USED FOR 
EITHER EXEC OR USER MODE,) 

THE EXAMINE OR DEPOSIT FUNCTION IS STARTED WHEN THE -ll PROGRAM 
WRITES TENAD2, NO PROGRAM INTERRUPTS ARE GENERATED ON THE -lO 
OR THE •!! SIDE TO SIGNAL COMPLETION OF THE EXAMINE OR DEPOSIT, 
THEREFORE THE •%i PROGRAM MUST CHECK FOR COMPLETION &X LOOICING 
At THE STATUS tDlXDONJ 8IT, THE DTE20 CLEARS DEXDON WHEN THE 
•il WRITES TENAD2, iO THE SOFTWARE NEVER NEEDS TO, DATA IN 
TENADl, TENAD2, DEXWDl, D£X«D2r DEXWD3 REMAIN INTACT AFTER AN 
OPERATION, THEREFORE THE -11 MAT PERFORM REPEATED PROTECTEO 
EXAMINES OR DEPOSITS, MERELX ©if WRITING THE TENAD2 WORD EACH 
TIME, AN EXAMINE FOLLOWED Bt A DEPOSIT (CHANGING OiLt TENAfti 
AND TENAD2) WILL RESULT IN MOVING DATA FROM ONE KLIO CORE 
LOCATION TO ANOTHER, FOR UNPROTECTED OPERATIONS, THE *ii MUST 
RELOAD THE PROTECT OFF SIT CTENADltPRTOFrj BETWEEN EACH 
OPERATION, 
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8, DOORBEliL FUNCTION 

T«E DOORBgl^L FUNCTION AUOWS EACH •10 TO INflRRyPT EACH •U 
CONNECTED B¥ A 0TE20 ANO VICE VERSA, THE •llS CANNOT INTERRUPT 
EACH OTHER, 

THE OOORBELI. CONSISTS OF A PRgGRA«MASl.E INTERRUPT AiD A STATUS 
BIT, IN ORDER FOR THE PPP*ll TO INTERRUPT THE PDP-10, TEE -U 
SETS THE REQUEST 10 INTERRUPT FMP CIMTIOS 9i BIT 08 J IN THE .tl 
SfAlUS mm, STATUS, when this bit is set, THE PTE20 GEKERATiS 
AN INTERRUPT IN THE KhlQ WITH A STATUS HT SET IN THE CON! «ORfi 
(TOiOOS » BIT 26) INDICATING THAT THE PDP»li CPU HAS PROGRAMMED 
AN INTERRUPT OF THE KUO, THIS PROCB0ORE WORKS IN A REVERSED 
BOT IDENTICAL MANNER FOR THE Kl.10 INTERRUPTING THE PDP^il, THE 
•10 SETS THE 10 REQUESTING U INTERRUPT »¥ DOING A CONO DTEI, 
DOOR, THE -ll DISCOVERS THE CAUSE f OR THE INTERRUPT BY liOOKING 
AT BIT TOllDB B BIT 11 IN STATUS, COMiUNICATiON IS DOME VIA A 
WORD (OR WORDS) IN THE COMMUNICATION REGION IN KLlO MEMORY, A 
WORD OR WORDS IS CHOSEN AND DEPOSIT AND EXAMINE FEATURES ARE 
USED BY THE -11 TO GAIN ACCESS TO THESE WORDS, THIS MECHANISH 
IS USED il iOTH PROCESSORS TO INDICATE TO THE OTHER PROCESSOR 
THAT IT IS POWERING DOWN, FOR INSTANCE, If THE KLlO NOTICES 
THAT ITS POWER IS DISAPPEARING, IT WII.I, SET A BIT IN A WORD 
WBICH IS ASSIGNED FOR POWER FAII.URE NOTIFiCATlON, THE KWO 
THEN INTERRWPf S THE PDP*11, THE PDP-11, AS PART OF ITS 
SfANDARD INTERRUPT ROUTINE, WIl,l, ALWAYS CHiCI FOR THE KLlO 
POWBRFAIL BIT IN THE COMMUNICATION REGION, IN THIS WAY, THE 
POP-ll IS NOTIFIED THAT THE KL 10 POWER IS DISAPPEARING, IN A 
SIMILAR WAY THE -11 COULD INTiRROPT THE -10 ON EVERY TICK OF 
THE POWER LINE CLOCK (SO OR 60 HE), 

THE DOORBELLS CONSIST OF ONE FLOP FOR EACH DIRECTION, TO AVOIO 
LOSING INTERRUPTS ON THg -11 SIDE, THE •ll PROGRAM SHOULD CLEAR 
THE DOORBELL, CHECK TO SEE IF IT CLEARED (IN CASE THE -iO WAS 
TRYING fO SET IT AT THE SAME TlME), TRY AGAIN IP IT DIDN'T 
CLEAR, AND THEN POLL FOR THE CAUSE OF THE INTERRUPT, 
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«, BXfE IRANSFER rWNCTIOl* - COMMON fO*lO AMD TO»U 

DURING THE BYfE fRANSFER FPKCriON THE DTE20 fRAMSrERS FIEMS OF 
INFORMATION iETWlEN THE P0P*11 AN© THE BiOX, ON THE KtlO SIDE, 
THE FIELDS ARE OF VARIA11.E l^ENafH AN0 ARE ACCESSED THROUGH A 
Pi>P«lO 8¥TE POINTER, ON THE P0p,il SI0E THE rlEl^DS ARE ElfHER 
8 8ITS WIDE AND ARE STORED 1» CONSECOflVE BITES OR ARE 16 BITS 
WIDE AND ARE STORED IN C0N§ECOT1VE WORDS, If THg FIEtD INTO 
NilCH THE INFORMATION IS BEING STORED IS NARROWER THAN THE 
fUW FROM WHICH IT WAS READ, AS MAN¥ OF THE RIGHTMOST BITS AS 
Mll^l, FIT ARE STORED, IF THE FIEfcD INTO WHICH THE INFORMATION 
IS BEING STORED IS WIDER THAN THE FIEW FROM i^HICH IT WAS READ, 
THE INFORMATION IS RIGHT ALIGNED AND PADDED WITH ZEROS ON THE 

h&Ff, 

IN ORDER TO PERFORM A TRANSFER THE FOLLOWING ACTIONS MUST BE 
DONEt 

1, THE •!! SHOULD SPECIF! TIE TRANSFER RATE AND UNIBOS 
ADDRESS BITS 17»16 (CAN BE DONE ONCE AT SYSTEM 
STARTUP), IF IT IS NOT SPECIFIED, AN UNDETERMINED 
TRANSFER RATI WILL OCCUR TO ONE OF THE FOUR 32K MSMORT 
REGIONS, 

2, THE •11 MUST SPECIF¥ WHETHER ftlTI OR WORD MODE IS TO SI 
USED IN THE -ll, 

3, THE SENDER MUST SPECIF! THE ADDRESS OF THE SOURCE 
STRING, 

4, THE RECEIVER MUST SPECIFY THE ADDRESS OF THE 
DESTINATION STRING, 

5, THE RECEIVER MUST SPECIFY THE BYTE COUNT OF THE STRING 

TO BE RECEIVED, 

6, THE RECEIVER MOST SPECIFY WHETHER IT ALONE (SCATTER 
WRITE) OR BOTH CPUS ARE TO RECilVi NORMAL TIRMIMATJON 
INTERRUPTS (I BIT » 1), 

iYTES MAY »I STORED IN THE •!$ AS EITHER ONE BYTE PER PDPll 
J$»SIT WORD CI TO 16 ©ITS OF DATA) OR ONE ilTE PER 8»aiT P0P»I1 
BYTE {1 TO 8 BITS or DATA), BYTE ADDRESSES ARE SPECIFIED IN 
THE •10 USING REGULAR KLIO BYTE POINTERS IN THE EFT, BYfE 
POINTERS ARE INTERPRETED IN EXEC VIRTUAL ADDRESS SPACE, SECTION 
ONLY, WARNliGl THE INDEX FIELD OF THE BYTE POINTERS SHOULD 
BE ZERO, OTHERWISE THE IBOX WILL INDEX USING THE CURRENT 
CONTENTS OF THE tXgC OR USgR INDEX REGISTER AT THE TIME OF THE 
TRANSFER, INDIRECTION SHOULD NOT BE USED, SINCE THE INDIRECT 
WORD WILL NOT BE INCREMENTED AS WITH ALL BYTE POINTER 
OPERATIONS, WARNINGS BYTE SIZES GREATER THAN 16 BITS FOR 
TO^U TRANSFERS CAN CAUSE FALSE PARITY ERRORS, SEE SECTION 13, 
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9,1 SUCGESfEO PROTOGOI^S 

THERE ARE 3 FORMS {MAlfBE MORE) OF PROfOCOJ* POSSIBK FOR 
HANDLING mm tRANSFERS DEPENDING OK MOM IHE LEMGfH OF THE i¥TE 
SIRING IS DEfERMINED, SCATTER WRITE IN f«E RECEIVER IS 
PROVIOED m THE HARDWARE, BUT GATHER READ IN THE SEHDiR IS MOf. 

FOR SAFETIf REASONS THE RECEIVER IS IN CONfROI, OF HOW MAWT 
CHARACTERS ARE TO BE TRAWSFERRE0 BEFORE THE RECEIVER GETS A 
SORMAI, TERMISATIOW INTERRUPT, THE RECEIVER ALSO OEf ERMINES 
WHETHER THE SENDER Vlhh RECEIVE h N0RM4L TERMINATIOi INTERRUPT 
OR NOT FOR THE CURRENT PART OF THE STRING CI BIT), 

9.1.1 PRE*AGREED STRING iEHGTH METHOD - THE FIRST METHOD IS FOR 
THE SENDER TO TEfcl* THE RECEIVER HOW LONG THE STRING IS USING 
EXAMINE/DEPOSIT, THE RECEIVER THEM SETS UP THE 6XTK COUNT AND 
SPECirieS THAT BOTH CPUS ARE TO IE INTERRUPTED AT TERMIWATIOM 
CI SIT *■ 1), 

9.1.2 STRING LENGTH IN HEADER METHOD - THE SECOND METHOD IS FOR 
THE SENDER TO PASS THE LlISGrH OF THE STRING AS THE FIRST FiW 
BITES OF THE STRING CA HIAOER) , THE RECEIVER SETS A SYTE COUNT 
WHICH IS A GUARANTEED HINIMUM, AND REQUESTS TO INTERRUPT THE 
RECEIVER ONLlf CI BIT 1= 0), THE RECEIVER FIELDS THE INTERRUPT, 
READS THE BlfTE COUNT FROM f HE STRING, SETS Uf A NEW HYTE COUNT 
AND POSSIiLY A NEW DESTINATION ADDRESS AND CONTINUES THE 
TRANSFER, iOTH CPUS GET THE NORMAL TERHINATIOK INTERRUPT (I 
eiT s 1) WHEN THE STRING IS COMPLETE, NOTICE THAT THIS SAME 
TECHNIQUE CAN BE USED IF THE RECEIVER WISHES TO BREAK A LONG 
STRING INTO SEVERAL SHORT BUFFERS TO ACHIEVE A SCATTER WRITE IN 
ITS MEMORX,. 

9.1.3 VARIABLE LENGTH CGOOD ONLIT T0»11) METHOD • IN THE THIRD 
METHOD THE RECEIVER («113 STILL SETS UP A B^TE COUNT, HOWEVER 
THE TRANSFER TERMINATES EARL¥ WHEN A NULL CHARACTER IS 
ENCOUNTERED CZ BIT » I), THIS MODE IS USEFUL FOR TRANSFERRING 
ASCI^ STRINGS WHICH HAVE WIDE USE IN PDP»iO SOFTWARE, NOTICE 
THAT THE •11 CAN BREAK UP RECEIPT OF A LONG ASC 12 STRING USI»G 
TEE I lit DESCRIBED IN 9,1,2, 
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io, To»io mit Tmmrms 

SEE SECTION 9 FOR DESCRIPTION WHICH IS COMMON FOR BOTH 
DIRiCTIONS, THE rOfcl^OWlwa 0ESCRIFTION ASSUMES TMAfTHK .40 MAI 
DISCOVERED THE liENGTB OF THE STRINS WHlCi If IS TO RECEIVE 

USING OfitE or THE TWO METHODS DESCRIBED IM SECTIOM 9,1, 

1, •!! WRITES THE OELAy COUNT iORD (OI,¥CNTJ WITH THE 
IfEGATIVi NUMBER OF 500 NAKO SECOND INtERVAIiS TO DELAf 
BETWEEN aXTg TRANSrERS ACROSS THE DtE20 IN BITS 13»00, 
BITS 15»14 SRECIFY UNIB0S ADDRESS BITS I7»U FOR iOTH 
TO-IO AND TO»tl BXIE TRANSFERS, CDl,yC»T 115*00J MAI 8E 
MRITTEN AT SYSTEM STARTUP SINCE IT IS NEVER RESET fi¥ 

,TiB .HARDWARE,) 

2, •!! WRITES ADDRESS OF SOURCE STRING (TOIOAO 115*001) 
liREAOBOARDl TOIOA0riS»OI J j 

3, •!! SETS •!! StTi OR WORD MODI BIT DIAQ31TOI08MI 
tEREADBOARDi BIT 00 IN TOlOADl 

4, •!© AI^LOCATES GORE TO RECEIYI SfRIHSi, 

5, »iO SETS m BYTE POINTER IN EPT TO RECEIVE DATA 
(EPTTiF), 

S, -lO SETS NCaAflVE i¥lE COUNT AND INDICATES THAT ftOT« 
CfUS ARE TO RECEIVE THE SORMAL TERMINATION INTERRUPT 
CDATAO OTEX, •BfTE COUNT WITH I (BIT 23) SET), THIS 
DATAO STARTS THE TRANSFER, 

7, THE DTE2Q INTERFACE AND ESOX WORK AS rOMOWS DURINa THE 
TRANSFER I 
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00 

lOCHARl BEGIN 

COPY DhYCUT tJ3»00J TO COUNTER lU-OOJl 

PEiAXf BEGIN (OEI-AT LOOP) 

AOD COUNTER tl3*«00]+l TO COUNTER Ct3»003| 

DEfcA¥ 500 NANOSECGMDS? 

If EXAMINE/DEPOSIT REQUESTi THEN 

BEGIN (EXAMlNE/eEPOSIf TAKES PRIORITY) 
DO EXAMiJjg/ogposiT 

END (EXAMINE/DEPOSIT) 
IP COUNTER tl3J»0, THEN EXIT LOOP DELAY? 

END cor mum LOOP) 

COPY 8C Clt-003 TO COUNTER lJi*00J| 
tr TOlOBCeO, THEN 

BEGIN CNORMAI, TERMINATION) 
tr TOJOBCtU a 1, THEN 

IMTERROPf BOTR CPU'S 
ELSE {T010BCEI3 «» 0) 

IHfERRUPf aUST THE •10| 
EXIT liOOP lOCHAR CNORMAt fERMINATION) 
END (NORMAL TERMINATION) 

IF TOIOBC IS N0«*2ER0, THEN 

INCREMENT THE BYTE COUNT CTOlOiC <• TOlOBC+l); 

PERFORM AN NPR rETCH FROM •!! MEHORY FOR A SYTE 

OR WORD DEPENDINa ON MOOEf 
INCREMENT THE -ll AOORESS (T010AD)| 
DTE20 GENERATES AN lOP INTERRUPT ON THE ESUSj 
WHEN THE INTERRUPT REQUEST IS HONORED, THE 

0TE2O EXECUTES AN iOP API FUNCTION 0&| 
T«E KLIO MICRO-COOE PERFORMS AN lOPg USING THE 

TOlO SITE POINTER CEPTTSP)| 
IF EXAMINE/DEPOSIT REOUEST, THEN 

BEGIN 

DO EXAMINE/DEPOSIT 
EN© 

IF fOU READY CCHAR. TO BE TRANSFERRli), THEN 

BEGIN 

00 tiCHAR 

END 

END (GO lACK TO lOCMAR) 

NOTEt THAT IF AN EXAMINE OR DEPOSIT OCCURS DURING A BYTE 
TRANSFER, IT IS DONE IMMEDIATELY AND THE OlIiAY IS RESTARTED, 
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THE SOFTWARE COUJ,0 l,OCK QUT DATA TRANSFERS BX EXAMINIUG OR 
DEPOSITJNa AT A RATE FASTER THAN THE S¥tE TRANSFER DEIiAY, 
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ll» fO«li gIfTE IRANSFERS 

SEE SECf ION 9 FOR A DESCRiPf ION WHICH IS COMMON FOR BOf H 
DiREGtIONS, fHl FOI.I,OMIIIG ©ESCRIPTION ASSCIftES fBAf fHE •ll HAS 
BISCOVEREO THE I,ENGT« OF f HE STRING WHICH If 1$ fO RtCEIVi 
USING ONE or THE THREE METHODS DESCRIBEO IM SECTIOK 9,1. 

1, -ll WRITES THE 0EI.AX COUNT WORD (0I,XCMT5 «If« THE 
NEGAltVE NUMBER OF 500 NA«0 SECOND INTERVAl^S TO OELAf 
iEfMEEN mm TRANSFERS ACROSS TiE DTE20 IN SITS U«00, 
ilTS 1&-I4 SPECIFY UNliUS A0DRESS BITS $7»1§ FOi BOTH 
TO-10 AND TO-ll BYTE TRA15FERS, CDlitCNT Cl5*O03 MAY 8E 
WRITTEN AT SYSTEM STARTUP TIME SINCE If IS REVER RESET 
BY THE HARDWARE, 3 

2, •lO WRITES AO»RESS OF SOURCE STRUG (BYTE POINTER I« 
iPTEBPj , : 

3, -It AI,I,OCATES CORE TO RECEIVE STRIMG, 

4, -ll SETS UP ADDRESS TO RECEIVE MTA CT01 lADitS-OOJ) 
IBREAOiOARDl TOUAOtlS-OJJ I 

5, •U WRITES THE T0*I1 BYTE COUNT WORD CTOUBC) WHICH 
SETS THE FOI^I^OWlNGt 

1, NEGATIVE BYTE COUNT (TOt ISC Ul*003 } 

2, INDICATES THAT BOTH CPUS ARE fO RECEIVE THE 
NORMAi. TERMINATION INTERRUPT (TOUSCtlNTlOJ » 
1} 

3, WHETHER TER»INATIOi IS AIiSO TO OCCUR ON 
TRANSFER OF A NOtl, CHARACTER CTOIIBC IZSTOPI), 
•II 8YTE OR WORD MODE (TOlliC ITOtlSMj ) 
C»READ»OARO| BIT TOilAOtOOJJ 

4, WRITING TOlIiC STARTS THE TRANSFER (PROVIDING 
TOIIAD HAS AWO fiEEN WRITTEN SINCE THE I,AST 
NORMAL OR ERROR TERMINATION), 

€, THE DTE20 INTERFACE AND ESOJt WORK AS FOj^bOWS DURING THE 
TRANSFER I 
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00 

liCHARl 8SGIN fiOOP FOR EACH BUTE fRANSrERRED) 
copy PWCNT CU-OOJ TO COUNiER tl3»0O3l 

OEWfl BEGIN imhkK hOQP) 

km COUflTER Jl3»003 + i TO COIIMTER tl3*O0Jj 

DEliAI SOO NftNOSECONOSl 

IF EXAMINE/DEPOSIT REaUEST, THEi 

BB6III (ElAMlME/PEPdSIT) 
00 EXAMINE/0EPOS1T 
END CEXAHINE/0EPOSIT) 

ir COUNTER tUsOJ, THEN EXIT WOP OEl»Afr 
ESr COF OEl,A¥ fcOOPJ 

copy BC tU*OOJ TO COUNTER [H»0OJf 
IF TOUSC»0, THEN 

SEGIN CiORMAi:, TERMINATION} 
IF TOllBCilJsI, THEN 
INTERRUPT BOTH GfU'f 
ELSE (TOUBCU3*0) 
iNfERRUPf aUgT THE -11 CPU I 
EXIT fcOOP I I CHAR 
ENO (NORMAli TERMIMATION) 

ir TOilBC IS NON^ZERO, THEM 

IfiCREMENT THE ilTE COUNT (TOUBC <• TOHSC#I)| 
0TE20 PUTS AN lOP INTERRUPT REOOEST ON ESUSf 
WHEN INTERRUPT REQUEST IS HONORED, THE OTE20 

EXECUTES AN I OP API FUNCTION 06 | 
THE KI.10 MICRO-CODE PERFORMS AN 11,00 USING THE 

TO»U 6fTE POINTER (EPTEBP)j 
IF TOIliCiiSTOPJ?;!, THEN 

BEGIN (STOP ON NUl,!. OPTION CHEClCj 

IF BTTE aUSf fRANSPERtEe IS A 0, THEN 

BEGIN (NORMAL TERMINATION) 
IF TOlieCIJjsl, THEN 

INTERRUPT iOTH CPU'S 
ELSE INTIRRUPT JUST THE *U| 
EXIT LOOP JICHARj 
END (NORMAL TERMI1ATI0N3 
ENO (STOP ON NULL OPTION CHECK) 

THE 0TE20 PERFORMS AN NPR TRANSFER IN THE -U 
WHICH STORES THE IfTE OF DATA (0*16 BITS 
WORTH) IN AN •11 gYTg OR WOROj 

THE BTE20 IMCRlMfNTS THE TO»ll AOORgSS BY 
1 OR 2 (TOHAD)i 
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END tor WOP XO TRANSFER A BYTEr GO BACK TO UCHAR) 
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12, GE«ERAl< PB06RAMIHMS INFORMAflON 

fHERE ARE FOUR ERRORS WMICH CAN CAUSE A TRANSFER ERROB 
CONOXflON THAf IS mWCtm M fHE HARDllARE, tmt ARE yNIBUg 
PARITY ERRORS, UNIBUS tIMEOUf ERRORS, PDP-U MEMORY PARIfY 
ERRORS, OR BiUS PARIfY ERRORS, khU Of fHESE ERRORS SET A 
aENERAI. ERROft SIf STATUSCTOIOERJ OR STATUS ttOJ lERi , IM 
kmiTmU Ahh OF IHl ERRORS EXCEPT UNIBUS TIMEOOT ERRORS AliSO 
HAVE AHOTHER ERROR fllf, A BWS fI«EOUT IS MOST Umht QkUBm Bf 
A NONEXISTENT MEMORY REFEREKCE ALTHOUt^H IT CA« BE CAWSEO iX A 
VARIETf or HARDWARE PROBliEMS, 

THE E8US LOGIC ATTEMPTS TO RUN THE EBUS AT FULL SPEED, IT CAN, 
HOWEVER, HOLD UP THE BUS DUHING A DEPOSIT IF A READ AND WRITE 
IS PERFORMED TO A DTE20 RAM LOCATIOIM (FIRST 12 LOCATIONS OF -U 
INTERFACE ADDRESSES), THIS HOLD-UP OCCURS WHEN THE READ OR 
WRITE TO THE RAM LOCATION OCCURS AFTER THE INTERRUPT HAS BEEN 
HONORED BUT BEFORE THE ADDRESS HAS BEEN SENT TO THE -10, THE 
MAXIMUM TIME THE EBUS WILL BE HELD UP IW ADDITION TO THE NORMAL 
PROCESSING TIME IS APPROXIMATELY 2 MICRO-SECONDS, ALL READS 
AND WRITES TO THE HAM LOCATIONS SLOft DOWN THE INTKRfACE AS THEX 
STEAL CYCLES FROM THE TRANSFER LOGIC, ALTHOUGH IHEX DO NOT SLOW 
DOWN THE EBUS OPERATION EXCEPT IM THE CASE NOTED, 

BYTE OPERATIONS ARE ONLY PERMISSIBLE ON THE •!! STATUS WORD, 
IF RAM LOCATIOWS ARE AOeRESSED AS BYTES, A BUS "TIME OUT BY f Hi 
•11 PROCESSOR WILL OCCUR, IF THE DIAGHOSTIG WORDS ARE 
AODRESSED AS BYTES, MO ERROR WILL OCCUR, fBlS APPLliS OiLY tO 
DATOB UNIIUS CYCLES, DATI BYTE OPERATIONS ARE PERMISSIBLE FOR 
ALL LOCATIONS AS THE RECEIVER OF THE DATA IS RESPONSIBLE FOR 
THE »¥TE OPERATIONS, THIS DOES PROHIBIT BYTE INSTRUCTIONS 
WHICH USE BOTH DAT! AND DATOB UNIBUS CYCLES SUCH AS Ii«Ce, 

T0*10 AfeiD TO^ll BYTE POINTERS ARE EVALUATiO IN EXEC VIRTUAL 
ADDRESS SPACE, (SECTION IS ALWAYS ASSUMED), IFPASMGIS 
TURNED ON, ALL ADDRESSES ARE TRANSLATED ACCORDING TO THE EXEC 
Whm MAP A»0 THE PROTECTION IS CHECKED ASSUMlIiG A RErERENCf 
FROM KERNEL MODE, 

A EBUS RESET (CONO PI, OR POWER UP) EXECUTED BY THE "10 WILL 
NOT CLEAR ALL OF A PRIVILEGED 0TE20, BUT WILL CLEAR PART OF IT, 
A RESET WILL ALWAYS CLEAR THE KLIO STATUS FLOPS, THE ASSIG«ED 
PI CHANNEL, AND PI LEVEL ENA»L1% IF A DTE20 IS RESTRICTED, 
THE EBUS RESET WILL DO A COMPLETE RESET TO THE DTE20 TO INSURE 
THAT THE SYSTEM INITIALIZES PROPERLY, A PRIVILEGED FRONT END 
LOSES ONLY THE ABILITY TO PERFORM STATUS INTERRUPTS AFTER A 
EBUS RESET HAS BEEN ISSUED, THIS MEANS THAT A UNI80S INIT 
CRESET, POWER UP, PRESSING -11 CONSOLE START SWITCH) MUST BE 
GENERATED ON EACH •11 SYSTEM CONNECTEO TO A DTK20 THAT IS A 
PRIVILEGED FRONT END AFTER THE KLIQ IS POWERED UP, 

T0«10 AND TO»ll BYTE STRING TRANSFERS WILL GO TO COMPLETION 
EVEN THOUGH THE CPU IS HALTED, IF A -10 ISSUES A RESET (CONO 
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PI, OR POWER «P) AU RESfRICfED Of£20S ON IfS EgUS ARE 

COMPI^EfEM IWlTlAWSEi), 

SIMCE PI lUTERRUpfS ARE Al,»AYS HONORED CEXCEPf IF DISABLEO ON 
RESmiCTEP ERONT END J, mU- fRANSrEBS, DEPOBlfS AND 
EXAMINESWORK AS MNG AS THE MICROCODE IS liOADEO AMP ROTNINQ 
EVER IF IN A HAJjf WOP, 

CAOflONJ 

BIT SEf§ CBIS) ANP OfHIR SIMU.AR INSfRWCTIONS SHOULD SE 
mm WITM GREAf CARE WHEN APPliieD TO OfE REGISfERS, 
THE •!! CPU PERFORMS A BAtI, "ORS* IN T«E BIT AKO THEN 
PERFORMS A ©ATO, FOR BITS WIICH READ AND WRITE 
DIFFERENT FUHCTIOMS THIS CAN CAOSE UNEXPECTED AND 
DISASTROUS RESULTS, FOR EXAMPl*E, IN THE STATUS 
REGISTER, BIT 2 READS AS OEXDON (DEPOSIT OR EXAMINE 
DONE) AND «RITES AS EBUSPS (EBWS PARiT¥ ERROR SET). A 
BIT SET INSTRUCTION WITH DEXDON ASSERTED WliL CAOSE AN 
APPARENT EBWS PARITY ERROR* 
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J|, ERROR OEfECTION 

tHE DfE20 Wifcl, ^ENERAfE/CHECK RARlTf OW DEPOSIT/EXAMINE OAf A 
Cl§ Bim-i AMD BIfE SmiNS ©ATA (ii ilTS), JT WH.I, MOT C«ECft OR 
GENERATE FARITY FOR CON| DfEN, C0»0 0TEM, OR 0Af AO mm, THE 
SOFTWARE Smmo CMECK FOR ERRORS SY EXAMINIflO Til TERMINATION 
WORDS, THE PARI T¥ SCHEME AliSO lMfO$£5 ONE RESTRICT I OM Oil THE 
BXTE POIKTER USED FOR TO-U TRAMSrSRS. A BtTE SIZE OF WRGER 
THAN 16 BITS CANNOT BE USED UNLESS THE BITS TO THE J^EFT Of THE 
RIGHTMOST 1$ BlfS CONTAIN EVEN PARITt, IF A pARlTy ERROR 
OCCORS, TIE ERROR TERilMATtON ilT STATUS JTOllERl (IF A TO-Ji 
TRANSFER) mhh SE SET AND THE E»US PARITY ERROR FLAG STATUS 
18PARER3 « I M. BE SET {FOR TOM AN© EXAMINE OPERATIONS) , IF AN 
EXAMINE OPERATION WAS IN PROGRESS WHEN A TO •! I TRANSFER 
OPERATION HAD AN ERROR TEMINATIQN (STATUS tTOUER) J DOE TO AN 
EBUS PARITY ERROR, IT IS NOT POSSIBLE FOR THE SOFfMARE TO 
DETERMINE IF THE EXAMINE OPERATION HAD A PARITY ERROR, IF THIS 
HAPPENS, THE SOFTWARE SHOULD RETRY THE EXAMINE OPERATION, WHEN 
A PARITY ERROR OCCURS, THE SAO DATA IS STORED IN THE RAH AS© 
CAN BE RETRIEVED FOR ERROR REPORTINa, THE DTE20 SOMETIMES 
SWAPS THE LEFT AND RIGHT BYTES FDR BYTE MODE PRIOR TO WRITING 
THE BYTES INTO THE RAM, THEREFORE THE TERMINATION TO*lt 
ADDRESS WORD CTOMAD) SHOUIiD BE EXAMINED TO DETERMINE IF THi^ 
l,EFT AID RIGHT HAI^YES WERE SWAPPED, IF THE TERMINATION ADDRESS 
IS EVEN THE BYTES WERE SWAPPED (THIS APPWES ONI.Y TO TRANSFERS 
IN BYTE MODE), 

13,1 ONIBOS PARITY 

THE DTE20 GENERATES AiO CHECKS PARITY USING THE NEW UNlfiUS 
PARITY SCHEMi, THIS SCHEME AI^LOWS A MIXTURE OF PARITY AND 
NON-PARITY OEf ICES TO BE ATTACHED TO THE UNIBUS, THE BASIC 
STRATEGY IS FOR THE SENDER (CPU, PERIPHERAI., OR MEMORY) TO SEND 
A PARITY BIT (Pi) AMD A BIT SAYING WHITHER IT IS GENERATING 
PARITY OR NOT (PA), THE RECllVlR CAN THEN CHECK FOR ERRORS OR 
NOT DEPENDING ON THE SENOERl 

PA Pi 

SENDER NOT GEiERAtlMG PARITY 

i i SENDER GENERATING PARITY AND PARITY BIT 

»^ 1 ■ ■ . 

1 SENDER GENIRATING PARITY AMD PARITY BIT 

■»■ 

1 CORE MEMORY PARITY ERROR, NO UNIIOS 

PARITY CHECKING- IN EFFECT ' ■ 

THE DTE20 CHECKS WNIBUS PARITY AND GiiERATES UNlBUS PARITY 
ACCORDING TO This SCHEME, 
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f«E OfE20 GEKERftfES UMIBOS PARITY FOR kkh P»f •11 OAf J FROM T«E 
riRSf 42 i)tE20 REaiSTERSf iWf NOT THE I.AST 4 RtaiSTERS iQlhGl, 
0UG2, DIAG3, AW SfAWS). THE LAST 4 ARE KOT OONfi BECAUSE 
mm ARE REGISTERS NOT RAM IiOCATlOM ANO SO WOUl^O REQUIRE A 
iOrrER RESflSTER rOR EACH, T«E OTi20 CHECKS ««ieUS PARJTI FOR 
Atl. PDP^Ii OATO TO ALli 16 OF THE PTE20 REGIST8RS, 

THE 0TE20 WWIBUS ADDRESS AM» DATA RECEIVERS ARE 0N TWO 
PlrrERENT BOARDS, M8S§3 AN& M85§2 RESPECT! VEI^T. TWO ERROR 
riiAGS ARE PROVIDED, SO THAT FAOIiT ISOMTION TO THE BOAR0 CAN BE 
ACHIEVED WHIN THE ERROR IS THE DTE20 UNIBUS RECEIVERS, THE *U 
0ATO UNISUS PARITY ERROR SIT, OIAG314J » IS SET WHEN THE DTE20 
DETSCfS EVEN PARITf ON ADDRESS AND DATA COMBIiED ON 80AR0 
M«5S3, THE DATO CIHIBOS RECEIVE ERROR BIT, DIAG3C2J# IS SIT 
WHEHEVER THE PARITY OF kJUST THE DATA COMPOTED ON ONE eOARO IS 
DlrrEREMT FROW THE PARITY COMPETED rOR aWST THE DATA COMPUTED 
OH THE OTHER BOARD, THEREFORE THE TWO ERROR SITS CAt &E 
INTERPRETED AS fOI,WWS, ASSUMtNasiNSIiE BIT ERRORS I 



OATO WIBUS 
PARITY ERR 
DlAG3iDUPE3 



DATO UHIBUS 
RECEIVE Em 
DIAG3IDWREJ 



MEANING FOR UKIiOS DATO'S 







NO ERROR HAS OCCURRED OR NO 
PARITY INFORMATION WAS SENT, 

THE PARITY COMPUTED ON ADDRESS 
AND DATA (ON BOARD MSSSaiWAS 
CORRECT (ODD) , THE DATA PARIf y 
COMPUTED ON THE M8552 BOARD DID 
NOT AGREE WITH THAT COMPUTED OS 
THE M8Sf3 BOARD, THEREFORE A 
RECEIVER OR PARITY TREE FAltURE 
OCCURRED ON THE M8552 BOARD, 

THE PARITY ON TEE ADDRESS AND 
DATA CON BOARD M85S23 WAS 
INCORRECT CEVBN3, THE DATA 
RECEIVED ON BOTH BOARDS 
CONTAINED THE SAME PARITY, 
THEREFORE INCORRECT ADDRESS OR 
DATA WAS SENT, OR AN ADDRESS 
RECEIVER OR PARITY IRiE^ IN THE 
M85S2 BOARD FAIiED IN THE 
DTEaO, 

THE PARITY OF THE ADDRESS AND 
DATA RECEIVED ON THE «g5S2 
BOARD WAS INCORRECT (EVilj, 
THE PARITY OF THE DATA RECEIVtO 
BY EACH BOARD WAS DIFFERENT, 
THEREFORE THE Mi553 HAS A BAD 
RECEIVER, 
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iBENEVER A PARlf¥ ERROR OCCURS OURIHG A BXTE TRANSFER OPERATION 
IN A PARTICULAR DIRECTION, THE DTE20 WIIiI. STOP PROCESSINa MTA 
IN THAT DIRECTION AS SOON AS POSSlBliE, IF A DEPOSIT OR EXAMINE 
IS IN PROGRESS If Wlil. COMPLETE, IN ALL OTHER CASES THE DTE20 
WILL STOP IMMEDIATELY, If THE PROGRAM 0ECIPE5 THAT THE PARITY 
ERROR EFrECfS WERE HARMLESS, THE OPERATIONS THAT WERE IN 
PROGRESS WHEN THE PARITY ERROR CAN SE CONTINUiD m CLEARING THE 
ERROR FLAGS tElTHER DATO UNIEUS RECEIVE ERROR C0IAG3 tDDMgJ 3 OR 
DATO UNI»US PARITy ERROR t0IAG3 IDUPE J ) , IF THE OPERATIONS THAT 
WERE IN PROGRESS CANIOt BE CONTlNUiO, A RESET TO TgE OfE20 
SHOULD BE PERFORMED, 

THE BAD DATA AND ADDRESS ARE READ OUT FROM A SHIFT REGISTER IN 
DIAG3U3-083, S BIT§ AT A TIME, EACH TIME THE LOCATION IS 
READ, A SHIFT COMMAND MUST BE ISSUED PRIOR TO READING THE NEXT 
i BITS or DATA m WRITING DIAG3ISCD3, THE DIAG3 REGISTER ONLr 
SHIFTS WHEN A PARITl ERROR FLAG IS SET AND LOADS IF TEE PARITY 
ERROR FLAGS ARE CLEARED, THEREFORE, IT WILL CAPTURE THE FIRSf 
PARITIf ERROR DATA ONLK ON SUCCESSIVE PARIir ERRORS, 

ir A PARITY ERROR OCCURS DURING TOlO NPR CYCLES, AN INTERRUPT 
OCCURS WITH NPR UNIBUS PARIT¥ ERROR FLAG DIAGItNUPEJIS SET, AS 
WELL AS TOlO ERROR TERMINATION, STATUStTOlOERJ , THE DATA 
RECEIVED IS LEFT IN TOlO PDP*U DATA WORD, TOIODT, AND THE TOIO 
PDP*a MEMORY ADDRESS, TOlOAD, CONTAINS THE POP^U ADDRESS READ 
FROM, THIS ERROR CANNOT iE CONTINUED FROM AND SOTH TOJOBC AND 
TOIOAD MOST 8E LOADED TO START A TRANSFER, 

IF A PARITY ERROR OCCURS ON A DATO TO CLEAR THE PARITY ERROR 
FI^AGS (DiAG33 THE FLAGS WUL GET CLEARED AND AN INTERRUPT WILL 
NOT BE GENERATED, IF A PARITY ERROR OCCURS ON A OaTU TU THE 
LOCATION CONTAINING THE CLEAR PARITY ERROR FLAG tDlAG3), BUT 
THE CLEAR ERROR BIT IS NOT TRUE, THE ERROR FLAGS wlI,L GET SET, 



H, DIAGNOSING THE KLIO 

14.1 DIAGNOSTIC SUS OPERATION 

ALL KLiO DIAGNOSTIC FUNCTIOMS AND CONSOLE FUNCTIONS {EXCEPT 
DEPOSIT AND iXAMINE) ARE PERFORMED OVER THE DIAGNOSTIC PORTION 
or THE EBOS, THIS SPECIFICATION EXPLAINS THE OPERATION OF THE 
DIAGNOSTIC BUS, FOR A SPECIFICATION OF THE OPERATIONS 
AVAILABLE SEE THE KLIO SPECIFICATION, 

14.2 DIAGNOSTIC BUS DESCRIPTION 

THE DIAGNOSTIC BUS CONTAINS TEN SIGNAL LINESf AS FOLLOWS? 

DSOO - 06 • DIAGNOSTIC SELECT LIKES • THE ^11 SENDS ENCODEB 

DIAGNOSTIC FUNCTIONS TO fHE KLIO ON THESE 
LINES, THESE LINES CAN IE READ BY THE •!! AT 
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01 AG STROBE 



WUUC • 



mt TIME EygN milM. we RESt or THE B6WS IS 

active for other devices, 

oiagnosftc strobe -this line is asserted to 
indicate that the diagnostic se1.ect lines are 
stable, and that the indicated rwctlon should 

BE PEftrORMED, 

DIAGNOSTIC FOMCTIONSHEN TRUE, CAUSES THE KLIO 
TO DISABLE THE BASIC CPU STATUS FROM THE OS 
LINES, SWITCH THE TRANSLATOR (ONLX FOR THE OS 
LINES) TO CONVERT TTL TO ECL, AHD PUT THE EiUS 
TRANSLATOR WHDER COWTftOL OF DS SITS 00 aHD 01, 

THE DIAGNOSTIC BITS IS CONTROLLED AS FOLLOWS! 

14, a, I DIAGSOSTIC CPU STATUS READ • ALL BITS IN DIAG WORD! MUST 

BE LOADED WITH ZEROS, THE CPU STATUS MAlf THEM BE READ FROM THE 
OS LINES AFTER I MICRO-SECOND HAS BEEN ALLOWED FOR THE LINES TO 

SETTLE, 

14.2.2 DIAGNOSTIC FUNCTIONS ONLY (I, E., NO 36-BIT TRANSFERS) - 
THE DESIRED FUNCTION CODE BITS SHOULD »E SET ALONG WITH DIAG 
COMMAND START CDIAGl rOCOMSTJ ) AND DlAG FUNCTION (DiAGI tOFUNCJ ) , 
THIS WILL RESULT IN THE FUNCTION BEING SENT TO THE KLlO, WHEN 
DIAG COMMAND START IS A ZERO, THE FUNCTION HAS BEEN SENT. ALL 
FUNCTION 0ITS MUST BE LOADED WITH THE DESIRED VALUE EACH TIME A 
NEi COMMAND IS SENT, THE DIAG SEND BIT HAS NO EFFECT UPON THIS 
OPERATION, DIAG KHO MUST NOT BE SET OR A. I#-B1T DATA TRANSFER: 
WILL TAKE PLACE, THIS OPERATION SHOULD NOT TAKE MORE THAN 2,0 
MICROSECONDS, 

14.2.3 DIAGNOSTIC FUNCTIONS «ITH 36-BIT DATA TRANSFER - 

SENDING DATA TO THE KLiO • NO OTHER OPERATIONS CItE, SXTE 
STRING TRAiSFERS) MAY BE IN PROGRESS WHILE DOING 36*BIT 
DIAGNOSTIC DATA TRANSFERS. THE DATA SHOULD BE LOADED INTO 
DElWDl-3 (SAME BIT ASSIGNMENTS AS WITH A DEPOSIT OR BXAMIKE), 
DIAG KLIO SHOULD THEN BE SET, A DEPOSIT OfERAflON SHOULD BE 
STARTED, WHEN THE TRANSFER IS COMPLETE. COEXDON SET), THE 
DIAGNOSTIC FUNCTION SHOULD BE LOADED AS DESCRIBED ABOVE THE 
DIAG KLIO, DIAG SEND, DIAG COMMAND START AND DIAG FUNCTION SET, 
THE OPERATION IS COMPLETE WHEN DIAG COMMAND START IS ON A ZERO, 

RECEIVING DATA FROM THE KLIO - THE DIAGNOSTIC FUNCTION SHOULD 
BE LOADED WITH DIAG KLIO SET, DFUNC SET, DIAG SEND CLEAR, AND 
DIAG COMMAND START SET, WHEN DIAG COMMAND START IS CLEAR, THEi 
FUNCTION IS COMPLETE AND THE DATA IS IN iE)t WDl -3. NO OTHER 
OPERATIONS (1,1,, ItTE STRING TRANSFERS) MAY 81 IN PROGRESS 
DURING THIS OPERATION, 

ALL THE KLIO DIAGNOSTIC FUNCTIONS ARE DISABLED WHEN THE 
PRIVILEGED/RESTRICTED MODE SWITCH IS SET TO RESTRICTED MODE, 
THIS SIT CAN BE TESTED il READING STATUS CRM) , WHEN THE SWITCH 
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la Sit fO RESfRICfED MO0Er SfAfUS tRMJ ISSET (IjE,. fHEDEflCE 
IS RESTRICfEO AND CANNOI SEND OlA<5NOSfIC FUNCTiaNS), 
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15, DIAGNOSING fHE OTE20 

fHE INTERFACE CONTAINS MANY FEATURED WHICH ENASiE DIAGNOSING OF 
THE iNTERfACfi. IT IS »ESIG»ED TO BE OIA0NOSE0 UiING T«R£E 
BASIC METHODS I 

1, WITHOUT USING OR 01STWBIMG THE EiUS 

2, WITH liOOf*gACK ON THE EiUS B«T WITHOUT THE KLIO OR 
«ITHOUT f«E KI^IO RUNNING 

3, WITH THE KI<IO RUNNIIIG 

TMl INTERrACE IS CHECKED OUT MAINLY IN A SINGLE STEP MANNER. 
FUti SPEED OPERATIOli MAY ONLY BE CHECKED WITH A RUNNING Kl^iOi 
DlAGl CONTAINS THE DIAGNOSE lO/ll INTERFACE BIT (DIAGI tDlOU J , 
WHEN DIAGICDIOUJ IS SIf/THE FOfeliOWlNG OCCURSJ 

TIE INTERFACE Ci*OCK IS DISA»liBD AND SIMGS,B STEP OPERATION 
CCJMMENCiS, INflRRUPTS ARE INHIBITED FROM BEING SENT TO THE 
KWO, THE INTERFACE OPERATES IN THE NORr«Afe MANNER EXCEPT THAT 
EiUS OPERATIOiS NEygR COMPLETE &ECAOSE NO INTERRUPTS ARE ISSUED 
TO THE KtiO, THEREFORE, A ilT HAS BEEN PROVIDED WHICH AJufcOMS 
SETTING THE EfiUS COMPLETE, ALliOWlNG THE OPERATION TO CONTINUE, 

THE INTERFACE CONTROl, IS RUN SY AM UP-COUNTER AND THREE 
DECOOilS, THE DECODERS ARE SEliECTiD SY THE MAaOR STATE FDOPS. 
THE UP»COUNTEt IS MADAil,! BY THE RIGHTMOST 4 BITS OF DIAG WORD 
2, THIS ENABl.ES ANY MINOR jgOGIC STATE TO BE EXECUTED* THE 
MAJOR STATES ARE NOT fcOADAi^E, HOWEVER THEY NATURAIiI,Y CYCfcE 
UNTll. A COiDITiON OCCURS WHICH INDICATES THAT THE OPERATION IS 
READY TO TAKE Pi,ACE, THESE MAJOR STATE BITS ARE READABDE, 



1&» RELOADING THE POP* U 

THE •10 CAN REliOAD THE -ll BY ^PUSHING" THE -U'S REt<OAD BUTTON 
CONOtSRllBJ AND "REI^EASING*' IT CONOtCRllBJ, l50 MII.I.ISECONOS 
tiATlR, THIS Wltl. RiSOIiT IN THE ROM SEQUENCE BEING PERFORMED 
(SEE SOFTWARE FRONT END SPECIFICATION) . THIS RESTART TAKES A 
CONSIDERAiiE AMOUNT OF TIME, THE .10 CAN RECOGNIZE THE START 
OF THE ROM EXECUTION BY CHECKING THE POWER FAID BIT 
CCONltDEADU]), CONICDEADll] GOES tRUE Af THE START OF THE 
REiOAD SEfiUENCE, WHEN CONItDEADli J IS FAME AGAIN THE HARDWARE 
PORTION OF THE REl,OAD SEflUENCE IS COMPI^ETE AND CONTROt, HAS BEEN 
SHIFTED TO SOFTWARE IN THE PDP-11, NO CONSTANTS OR STATUS BITS 
COTMER THAN RAM WCATIONS) CAM BE SET PRIOR TO POWER FAIIi GOING 
FALSE AGAIN BECAUSE THE PDP-11 GENERATES AN INIT WHICH WIDD 
CLEAR THEM, THE ROM WILL LOAD A PROGRAM WHICH WILL DETERMINE 
WHETHER THE -lO DESIRED A WARM RESTART CFROM UNIiUS HONG, ETC.) 
OR A COLD RESTART, INCLUDING COMPLETE REBOOT; TiERg IS A 
SECOND SWITCH ON THE DTE20 WHICH ENABLES OR DISABLES THE -10 
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raOM REliOAPING THE •11. IT IS l*ABEl.EO "ENABt,! 10 LOAD U» AND 
"dlSABLE 10 LOAOM", 
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PROCEDURE TO DUMP AMD I.OA0 THE PPP*U; 

THE FOI1I.OWING IS THE PROCEDURE WHICH THE KLIO EXECUTES IN ORDER 
TO DUMP km/m iOOTSlRAP THE PDP*U THROUGH THE DTEaO I 

1, CI.EAR THE 0TE20 AND IKITIATE A iM873 BUTTOfl #4 
S00T8TBAP OPERATION "• CONO 
tSRllBICWlPTJCl.T0lUCIil010iPIX.01N3 

2, WAIT TO SEE POPU POWER FAIfc (AC ME ■ TRyEJ • CONI 
CDEAOllJ » I 

3, MAIT TO PAPll POWER RECOVER (AC l,OW « FALSE) • CON! 
IDEADUJ m a 

4, WAIT AT LEAST ANOTHER ISO MILLISECONDS AND THE« CLEAR 
THE RELOAD •II BUTTON • CONO (CRllBJ 

5, SET BITE COUNTER TO A SPECIAL CODE C136S OCTAL) • OATAO 
tl3§53 

6, RINQ PDPll »S DOORBELL • COIiOCTOllDBJ 

7, WAIT UNTIL "•lORINGINC; -IMS DOORBELL" IS TURKID OFF 

Bt THE -U CI,E,, OMTIL CONl(T011D83 BECOMES %Em, 

«, ENABLE THE DTE20 TO USE PI INTERRUPTS (I.E., SET 
CONOEPlLDENiPIOENB) , 

9, SET UP THE TO-10 BITE POINTER (IN THE EPT) FOR THE 
FIRST- 3, 5K,' 

10, SET DP fHEBfTE COUNTER FOR THE FIRST 3, iKf INDICATING 
"INTERRUPT •10 ONLY" • DATAO tlOOOj 

U, WAIT FOR «TO"-I0 DONE* OR »TO"10 ERRROR^ • CONI 
ITOiODNlTOlOERJ 

12, NOTE WHETHER f HERE iAS AS ERROR (CONI (TOIOERJ 3 AND 
THEN TURN OFF TOIODN AND TOIOER • CONO CCLTOIOJ , IF 

:ERR0R, -GO-TO^.SfEf ^ 17, 

13, IF END OF 28K, SO TO STEP 17, 

14, SET UP TO-IO BYTE POINTER (IN THE ERT) FOR THE NEXT 
3,5K;, 

15, SIT UP THE BYTE COUNTER FOR THE NEXT 3.SK INDICATING 
"INTERRUPT .lO ONL¥» CDATAO tlOOOJ, UNLESSS THIS IS THE 

LAST 3,5K (OF 28K), IN WHICH CASE INDICATE "INTERRUPT 
BOTH PROCESORS« (DATAO tTOlOIiilOOOJn 

16, GO TO STEP II, 
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J7, sEf UP fo«ii mm fOiwTER an ihe Ept) for »pmii 

BOOTSTRAP", NOTE THAT THE FlRSr WORO OF THIS "PlJPil 
BOOTSTRAP*' MUST Be THE 01f PAfTgRN 000240 C A PPPli HOP 
INSTRMCTION), . 

J8, RI»a THE POPIMS DOORBELl. - CONO tTOUDiJ 

J 9, WAIT FOR EITHER TOltUB TO 60 OFF CGOHICfOlDBJ m Q}, OR 
TOIODB TO COKE ON CCOKItTOlOOBJ s I, 

20, IF NO ERROR »AS NOTED IN 0TEP U, TOllDB SHQUI,p GO OFF 
(TOIODB COMIJie ON IHDICATES A IIASSIVE SCREWUP), IF AN 
ERROR WAS NOTED IN STEP i2# TOUDB eOIMO OFF INDICATES 
TiAT TME ERROR WAS "NON-FATAI.* CNOi»EX*MEM OR .tl 
MENOR¥ PARITY) AND THE •!! IS PROCEEDING, fOlOOB 
COMING ON INDICATES THAT THE ERROR WAS "FATAI.'' AMD THE 
•U IS HALTING CAT LOCATION 173714), IN THIS LATTER 
CASE THE •10 MUST RESTARf FROM STEP 1, 

21, IF TOllDB WENT QWft WAIT FOR STO»ll DONE" OR »T0*I1 
ERROR" • CONl CTOIIDNITOIIERJ 

22, NOTE WHITMER THERi WAS AN ERROR -CCONl tfOllERJ), 

23, TURN OFF TOllDN AND TOllER AND RING THE PDPll'S 
OOORiELL • CONO tTOllDBtCLTOli) 

24, WAIT FOR EITHER fOliOB TO GO OFF (CONI CTOllpiJ s 0), OR 
TOJODB TO COME ON (CONHTOIODBJ « 1), 

25, TOliDB GOING OFF IMOICATiS THAT THE PDPll FOUND NO 
ERRORS AND IS fRANSFBRRlNG CONTROL TO THE CODE WHICH 
WAS aUST RECEIVED FROM THE "10, IN tHIS CASE THE •iO 
SHOULD START FOLLOWING THE PROTOCOL OF THIS CODE, 

26, TOIODB COMING ON INDICATES THAT THE PDPll HAS FOUND AN 
ERROR COR THAT THE FIRST WORD TRANSMiTIBO WASN'T THE 
BIT PATTERN 000240), AND THE PDPll IS HALTING CAT 
LOCATION 173766), IN THIS CASE THE i-lO MUST RESfARf 
FROM STEP I, 
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11, iClilO ACCESSABI^E RESISTERS 

17,i CONI/CONO R16ISTER 

• to BIT SyMBOl. NAME ATO OlgCMPTION 

0*t9 UHUSED, REA0J OSj WRITES lawORIO, 

mZf RiaERVED TO PEC, 

20 RESTRICTED MODE 

m READS A 1 INDICATES DTE IS S«ITC«EO TO 

RESTRICTED HODE, A 0, PRlVlIiEGED MODE, 

WRlTEl MBt 

21 DEAD 11 11 PDiER FAILURE 

lEADI A I INDICATES THAT THE •!! POWER 
IS NOT CORRECT (f ME UNIBUS SiaUAt^nC 
WM* IS ASSERTED) AMD T«AT NO BfTS 

TRANSFERS C^N TAKE PI*ACE, 

WRITE I MBZ 

22 TOUDi REQUEST •11 DOORBEIifc liTlRRUPT 

read; ir i, the -lo has reguested a 

"•11 DOORBEI.I, INTERRUPT AND THE •ll HAS 
NOT TET CLEARED IT (STATUS tINTllCJ ) , 

WRITE? A I CAUSES A DOORBELL INTERRUPT 
IN THE -ll, SETTINO *10 REQIiESTU 
INTERRUPT OW THE .»li SIDE OF INTERFACE* 
STATUS tTOllDBj, •10 CANNOT CWAR, 
• U Cl*iARS WITH STATUS CINTllC J 

23 CI.EAR REWAD •ll SUTTOW 

READI 

CRllB WRITE! Cl,EAR REIiOAD -11 BUTTON 

24 SET REl«OAD •!! BUTTON 

READ! 

SRUB MRITEs SET REMAD *11 BUTTON 
2§ UNUSED, READJ 0? WRITES MBZ 

2^ -U REQUESTING -10 INTERRUPT 
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27 



28 
2f 



TOIODB RfADi THE •!! HAS REQUESfED A 0OORBEl»l. 
INTERRUPf SENt TO fHE -10, 

CfcUPT WRIfEl A 1 CI4EARS THE •%% REOUESTING 
-10 INTERRypf FhkG ON THE -U §JOE, 
STATUS fTOlODBJ, AND CJN THE -jO SlPE 
CONI {T0100B3 

fOUER TO-tJ ERROR TERMINATION 

REAOt INDICATES THAT AN ERROR OCCWRREO 
DURING A TO-H TRANSrCR, CliEAREO B¥ 
STATUS ICWCJUl 

WRITEl MBE 

UNOSE0, READS 0? WRIfiJ MBE 

T0»J1 NORMAl» COMPligTION 



TOIIM 



Ct,T011 



30 



TOIODN 



CliTOlO 



31 



READ I A TO^U TRANSFER WAS COMPliTEO 
AND AN ERROR »IDN»T OCCUR AND THE "I" 
BIT, TOUBC CI NT 10] HAD SEEN SET »¥ THE 
• U, THE TRANSFER IS COMPj^EfED IF CI J 
THE BITE COONf (TOlliCr BECAMI EfiUAl, TO 
OR (23 THE ni HAD Sir THE "Z" ilTf 
TOllBC CZSfOP3# AND A NUl,l, CHARACTER 
WAS ENCaUiTERED* ■ 

WRITES Al CI.EARS THE TO-H iORMAli 
TERMINATION Fl*AG AND THE TO- It ERROR 
TgRMlNATION riiAG, THE •10 PI REQUEST 

hmsh: IS. CI.EARED m that- the. interrupt^ 

MAY BE DISMISSED, 

TO* 10 NORMAl, TERMINATION 

READS THE. BYTE COUNTER- FOR- THg, T0»10^ 

TRANSFER CDATAO DTEN,) BECAME EQOAI* TO 
AND AN ERROR DID NOT OCCUR% 



MRITEl A 1 
TERMINATION 
TO»I0 ERROR 
fTOlOERJ, 



CLEARS THE TO- 10 NORMA!* 
FliAG, STATUS iTOiODNl, AND 

TERMINATION FLAG, STATUS 
THE *IQ PI REQUEST LEVEL IS. 



CLEARED, C BREADBOARD I IGNOREDJ 

T0»10 ERROR TERMINATION 

TOIOER READS AN ERROR (•!! MEMORY PARITY OR 
DNIBUS TIME OPT ERROR, iUT MOT EBUS 
PARITY ERROR) OCCWRRED DURING THE TO-lO 
TRAHI.SFER , ' 
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Plhmn WRITES PI I.OAD B»&iLE. A 1 MEANS i^OAO 
THI PI IJITERR0PT C«AiiMEl. l«UMeER FROM 
BITS 33-3§ AHO PI htmh ENABi,ED FROK 
iiT 32, CSREADSOARDl CtTOlO) 

32 P10BM8 PI fcEVEL ENAetED t»REA0B0ARO! 

IGUORE0J 

REAei A I MEANS THE 0TE20 U EHAiLEO 
T0 PERFORM EXAMINES, DEPOSITS, AND BYTE 
TRANSFERS AT f I I,gyEt» Bt THE EiOX, 
T«E DTE20 IS AUTO«ATICAlil,y ENAifcEP IF 
THE *U IS A PBiVltEGED -U EVEN TMOPaH 
THIS ilT IS 0, 

WRITE? FOR A RESTRICTED P0P«1I AND 

coNotPn^DENj p I, k oisABi^Es PI m^m 

0, A I ENABl.ES PI hm&h^O, 

33«35 PIA PI CHANNEIi NUMBER 

READ! THE CURRENT PI CHARNEl* 
ASSIGNMENT FOR 600RBEl.l» INTERRUPTS, 
BXTE TRANSFER NORMA!* AND ERROR 
TERMINATIONS, 

WRITE? LOADS PI C«AN«l. ASSIGNMENT IF 
CONOlPlIiDENl 3.. I, 
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17,2 DATAI OfENt E 

DATA! DTEN IS NOT PRO¥l»fD, AI.!, 05 ARE RETURNED ON A REAOf 
INCLUDING EBUS PARIff, 



17,3 DATAO DTfiX, E 

• 10 BIT SYMBOL NAME ANP rWCTION 

0*22 WUSE0, R1A0* OS; WRXfEl mg: 

23 fOlQIS TO-IO "I" SIT 

IF 1, SET TOlOIi, IF 0, CfcEAR TOIOIB, 
IF 1, T«E •lO HAS 0ET f«E «I» ilT FOR A 
T0»10 8ITE fRANSFER, BOTB THE •10 AND 
fiE *ll WILi. 6E INTERRUPTED ON NORMAL 
TERMINAflOM, IF 0, THE *• 10 HAS NOT SET 
TflE "I* BIT FOR A T0»10 BYTE TRANSFER, 
ONW THE -lO Vlhh »E INTERRUPTED ON 
NORMAk TERMINATION, THE -10 MAf THEN 
RESET THE TO- 10 i¥tE POWTERf £PTTBP# 
BEFORE RELOADING- THE: fO-lO/ BYTE. COUNT 
(OATAO 0TENO AND PERFQRMiNG A SC^fTER 
READ, 



24»35 



NEGATIVE BYTE COUNT 

TWOS COMPLEMENT OF THE NUMBER OF 
CHARACTERS LEFT TO TRANSFER UNTIL A 
fO*10 NORMAL TERMIiAf ION OCCURS, A •! 
WILL TRANSFER 1 CHARACTER TO THE -IQ 
BEFORE k NORMAL TERMINATION, A WILL 
TRANSFER BYTES BEFORE A NORMAL 
TERMINATION, 
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18, rDP*ll REGJSfERS 

tm l§ PDP*U REGISfERS ARE WSTEP HERE IM ALPHABETICAL ORDER, 

THE CONTENTS OF 3& BIT KLiO WORDS APPEAR IIS THE 3 -U 
WORDS DEXWDl, DgXW2, A«D 0EXWD3 OS AM EXAMINE, fHE 
CONtBUTS or THESE WORDS ARE WRITTEM IN A KLiO mm 0» A 
PEPOSIT, THE 0TE2O DOES NOT RESET fHESE WORDS AFTER AN 
EXAMINE OR A DEPOSIT SO TMEX MAX gE USED FOR SUBSEQUENT 
OPERAflONS, NOTE THAT THE THREE WORDS ARE ASSIGNED 
DESCENDING RATHER THAN ASCENOINS ADDRESSES IN -ll 
ADDRESS SPACE SO THAT SWCGESSIVE irTES CAN BE READ CBOT 
NOT WRITTEN) USING INCRlMENt gITE iNSf RUCTIONS, I #6. 
BITS 28«-35, 20*27, 12*19, 4»li, 0*3, (IREADIOARDS 
DEXWDl » 164002, DEXWD3 » l&400i3 

DEXWOls DEPOSIT OR EXAMINE WORD 1 (174006 + 40*N) 

•11 BIT NAME 

lS-04 UNUSED 

READS Q, MRIfEl M82 

03-00 11,10 DATA WORD BITS O*! 

DEXW02t DEPOSIT OR EXAMINE WORD 2 C174004 ♦ 40#N3 

-11 BIT NAME 

15»00 KLIO DATA WORD BITS 4»19 

0EXWD3I DEPOSIT OR EXAMINE WORD 3 (174002 + 40#N) 

-11 BIT NAME 

15»00 KlilO DATA WORD BITS 20*35 
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OlkGit DlAaWSTIC WORD 1 C174030 + 40#N) 

THESE BifS ARE FOR OIAGMOSUC USE QMhJ ^ 

•u Bir siMBoi, mm 

l§»Of DSC OlAGNOSf IC SlLECf ION COPES 

RIAPS BifS 15-09 ARE PSOO*0SO6 



lf»12 
11 



DS00*M03 UNOSEDl 



OS04 



10 



0S05 



Of 



OS06 



08 



0EX 



07 



1 « KI. CliOCK ERROR STOP 

T«E Kl,ia INTERKAi, CtiOCK iUmZ} HAS 
FROZEN OWE TO A JlAROMAmE MAl^raUCTlOS, 
ONE or TME rOl.l»0«iNG? CONfROli RAMt 
DISPATCH RAM, OR FAST MfMORf PARITY 
IRROB OR FIEI^O SERflCS TESf CON[0lTlON, 

I m Bm CI J 

THE MlCRO*COPi EXAMINES THIS VhkQ 
iETi«rEE» POP»10 INSTRUCTIONS, T«g 
MlCRO»COOE Ulhh ENTER THE MAI«T tiOOPf If 
THIS FhhG IS OFF, TitS Fi^Aa IS OMOftR 
CONTROfc OF THE -11 USlNt TWO OIAGMOSTIC 
r«NCTiO«S, TIE -10 CAMOT AFFECT RON, 

1 « HAi.T CI) 

THIS SIGNAL IS SET TO A I mm THE XXX 

MICR0»CODE ENTERS THE HAliT I^OOP AN© If 

CI.EARS THE SIGNAl< WHEN IT I^EAVES THE 

1.00P, 



WRITES SPECIFIES: 

SEi^ECTlON COPi 



THE 



OIAaNOSTIG 



NOTE! WRITE FONCflONS WITH OSOO ANO 
DSOl «» MAY BE ODNE PREOlCTABliY WHll,E 
THE SYSTEM IS RUNNING WiTHOl/T BEING IN 
DIAGNOSTIC MODE, THUS THE •ll CAN 
SAMPIiE -iO STATUS WlfHOOT FEAR OF 
CfcO&iERING DATA ON THE EiUS, 



DEPOSIT OR EXAMINE MAJOR STATE 

READ! A 1 MEANS INTERFACE MA^OR 
IS DEPOSIT OR EXAMINE 

WRITE; M8Z 

T0»1O TRANSFER MAJOR STATE 



STATE- 
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06 



0$ 



04 



03 



TQJO READ! A J MEANS INfERfACE MAJOR SfAfE 
IS T0»10 TRANSFER, MEANS NOI IN 
TO-10 fiANSfER SfAfE, 

DFUNC WRITE; A I CAUSES f HE (il*i0 CPU tO STOP 
SENDING BASIC STATUS ON THE DS WNES> SO 
THAT A l^OOP BACK TEST CAN ftE PERFORMED 
ON THE 0S I*INES» IF AN¥ Of THE §S 
tlNES ARE SET (»y T»Es D|B20> THE> Re$Wl,T 
IS AN "OR" OF THE BITS SET IN THE DTEao 
AND THE cm STAfUS. 

TOU T0»H TRANSFER WAJOR STATE 

READS A J MEANS INTERFACE MAaOR STATE 
IS TO* I I TRANSFER 

WRITE I MBZ 

0101 1 DIAGNOSE IQ/li INTERFACE 

REAOl IF A I, THE DTE20 IS IN lO/ll 
DOAGNQStIC MODE, I.E., IT WII.I, DIAGNOSE 
ITSELF, IF A 0, IT IS NOT IN lO/U 
DIAGNOSTIC MODE, 

WRITE? IF A 1, SET OTE20 TO 10/ U 
DIAGNOSTIC MODE, THIS MODE IS USED tO 
DIAGNOSE THE DTE20 ITSiliF, If A 0, 
liEAVB 10/ J I DIAGNOSTIC MODE, 

WRITE? mz 

VECfOR INTERRUPT ADDRESS SIT 4 

VEC04 READI VECTOR INTERRUPT ADDRESS BIT 4 

PUliSE MRIfEl IF A I, GENERATES A SINGl,E 
CfcOCK CfCI^E If 10/11 DIAGNOSTIC MODE 
SlATOSlDlOlIJ IS AI*SO SET, 

RiADi 



DIKlilO MRlfEj IF A I AND DTE20 IS SWITCHED fO 
PRIVIiEGED, PWT THE DTE20 INTO KLIO 
DIAGNOSTIC DATA TRANSFER MODE, 
SUiSEeDENT EXAMINES AND DEPOSITS BECOWE 
DIAGNOSTIC rUWCTIOSS INSTEAD OF 
ACCESSING ItiD MEMORlf, IF A 0, PDT THE 
DTE20 IN NQRMAli DATA TRANSFER MODE, 
SySSEQUENT EXAMINES, AND DEPOSITS Wlfci 
REFER TO KMO MEMORi, 
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02 



REAPS 



01 
00 



OSEN0 WRIfEi IF A I, SENP OAfA CTO-10) 
DURING A OIAGNOSflC BOS TRAffSFER, IF A 
0, RECEIVE 0AtA CT0*113 DURING A 
DIAGNOSTIC B¥S TRANSFER 

AMUSED 



DCOMSf DIAGNOSfXC COMMAND START 

READ; IF A I, A DIAGNOSTIC COMMAND 
IN PROGRESS 



IS 



WRITE? IF A I AND 0TE2O IS SWITCHED TO 
PRIVItEGEP, SETS DIAGNOSTIC COMMAND 
START, A CLEARS DIAGNOSTIC COMMAND 
START. 
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0IAG2$ »lAGNOSfIC WORD 2 tl740l2 f 40»K3 

fHESI Bits ARE FOR DIAGtIOSTIC USE ONM WAlNLf IN SIMGl^E SfEf, 
SEE^ PRiNt SEf , , ■ ■ 

-11 BIT SXMBOl, NAME 

IS RFMADO REM ADDRESS BIT 

REAPS CONTENTS OF RFM AO0RESS BIT 

»RITE« MBZ 

14 RFM ADDRESS BIT 1 

RFMADl REAOl COiTEKTS OF RFM ADORESS 8If I 

EMMES WRIfEl IF A 1, SET ESWS DONE, IF A 0, 
CI*EAR EBUS DOSE 

13 RFMAD2 RFM ADDRESS BIT 2 

READI CONTENTS OF RFM ADDRESS BIT 2 

WRITE! HiZ 
12 RFMAD3 RFM ADDRESS BIT 3 

READI COiTENTS OF RFM ADDRESS BIT 3 

WRITE I M.iZ. 
tl«07 UMOSED 

READI 0S| IRIfEl mt 
m DRESET DTE20 RESET 

READI 
DRESET WRITEl IF A 1, RESET THE DTEIO 
Of WRITE I MBZ 

READ? O'S 

04*01 WRIfEi 1.0ADS 04,03,02,01 IMTO MINOR 

STATE COWNTER 8,4,12,1, FOR DIASMOSTIC 
USE ONIif, DURING NORWAY OPERATION MBZ> 

READI O'S 
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00 UNUSED 

REAOl OS; WRlfEl Mgg 
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0IAG3J DIAa»OSTIC mm 3 (174036 t 40*N) 
*11 BIT SYMSOI, NAME 
IS S^SI^W SWAP aCtECT I»EPf 

REAO? COTllNJ SWAP Sei. W 

MRlfil M»2 

H 0PS4tN3 PARlTf C13 « 

RSAOl DPS4 tWj PARITY F1.0P IS ON A 
OMi, DIAGNOSTIC USE OSl<f . 

WRITE I mz 

II«OS CAPTURED iMlBUS PARITf ERROR IMFO 

READ I AM MEANS UMt&US REGISTER 

APOREss iif, mn mmB mnibus data bit 

WHIM 0NIBUS PARITX ERROB DETECTED, 

UNISUS DATA BITS 

INITIAl. Dl$ 044 ©13 012 Dll AOO 

1ST SHirf 010 009 008 007 006 AOO 

2»0 SMIfT 005 004 D03 002 001 AOO 

3R0 SairT 000 A04 A03 A02 AOI AOO 

4TH SMIFT 01S 014 Oil 0J2 0tl AOO 



MRITEJ MSZ 
e7»0§ UNUSEO 

READ J 

MRifEi mz 

05 SCO SHIFT CAPTURED PAf A 

READ I 

WRITE* SHtfT CAPTURED DATA SO NEXT 
READ Df DIA^S «Il»li CHANGE BITS 13»0S 

04 DUPE 0ATO UNIBUS pARITf ERROR 
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RgAoi ir it h QkfQ mum pAMn Emm 

HAS BEiN #EfECf E0 M WE 0f E2I 

C0D WRITE I Ci^EAR DUPE AND 0WRE ERROR WhkQS 

03 «EP WRITE EVEN (BAD) PARITY 

REA0I REA0 STATUS OF WRITE E¥EI4 UNISWS 
PARiTf 111 J P»Fl.OP 

WRITE! IF 1, WRITE EVIW OMIBUS PARITY, 
RESULTS IN OTiao GESiRATiNG EVEH (6A0) 
PAITX ON AliL OMISUS TRANSFERS WHICH 
HAVE PARITY. IF 0, THE 0Te2O WlJul, 
GENERATE 000 CGOO0J PARITY ON Al.1, 
SOBSEQUe»T UWIBUS TRANSFERS WHICH HAVE 
PARITY. THIS BIT IS PROVIDE© FOR 
DIAaNOSTlG PURPOSES TO CMSCK THE PARITY 
HITWORKS, 

02 DURE DATO MNIBUS RECEIVE ERROR 

READI A UNI8US RECEIVER ERROR HAS 
OCCtlRREO, 

WRITE I M»E 

01 »UPE NPR PNIBUS PARITY ERROR 

REAOt ir i, A WNISUS PARITY ERROR HAS 
OCCURR10 ON AN NPR CSYTE) TRAMSFKR, 

CNUPE WRITE! CIiEAR NUPE 

00 TOIOBM T0»10 BYTE TRANSFER MODE 

READS 

WRITE? IF I, TO»10 BYTE TRANSFERS ARE 

TO IE 0ONE IN gYTE MODE FRO^ •11 

MEMORY, IF 0, fO»I0 0YTi TRANSFERS ARE 

TO ii DONE IN »0RO MODE FROM •11 
MEMORY, 



OfcYCNTJ OEfcAY COUNT WORD (174000 t 40*») 

•11 BITS NA«E 

lS-14 UNISUS ADDRESS »ITS 17«li SPECIFIiS 

HI6H OR0ER 2 BITS Of 18 6IT P0P*11 
A0ORESS PSE0 IN 18 SIT BYTE TRANSFER 
A00RESSES, TRANSFER CANNOT CROSS A 32K 
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BOUNDARY, fO-tO AN0 fO»li fRAWSriRS 
MUST BE IN fHE SAME 32K BAWK, 

U-OO NEGAflVfi DELAY COUNT 

THE SOFTWARE SPECIFIES H0» MANY SOO 
IIA»OSECO»0 UNlfS Of DELAY ARE TS OCCUR 
8«TWE6» EACH SITE ON BYTE TRAMSFERS IH 
EITHER DIRECTION, THE DELAY ALSO 
APPLIES BEFORE TME FIRST lYTB, THE 
HARDWARE UPCOUNTS A COPY OF THIS 
NEGATIVE NUMBER ONCE EACH 500 NANG 
SECONDS, UNTIL BIT 13 » 0, 
CiREADBaARDi BITS 12-00} THIS LOCAf ION 
IS NEVER RESET SY HARpMAREi INCLUDING 
RESET ISSUED BY THE •10 OR THE -ll, 
TMEREFORE SOFTi^ARE MOST SBl IT TO A 
PARTICOLAR VALOE AT SYSTEM STARTUP 
BEFORE DOING THE FIRST TRANSFER, 
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pmt 49 



STAJUSJ STAfWS WORD CI 74034 + 40#«) 

OIFFERElif Sits IN THIS WORD ARE 
OPERAflOMS, 



USED 



FOR khh 



•ii Bit BWBOh NAME (♦ F0NCTJON5 

II fOlOPN fO»lO liORMAI. fEEMISAflON 



DON i OS 



REAOI fHE TO*iO B5ffE COWNf WENT TO 
OR TME •11 PROGRAM SET THE ilfSTATWS 
tDONlOSJ, TOIODN S«ItL NOT BE SET IF AN 
ERROR TERMINATION OCCt'KRCD, SEE STATUS 
tTOlOERl. 

WRITEI IF I, $1T TO-10 NORMAIi 
TERMINATION Sf ATUS tTQlOONJ , THIS »IT 
ON A »«RIfE IS PROVIDED FOR DIAGNOSTIC 
PWRPOSES mix, WRITING A 1 DOES NOT 
TERMINATE A TRANSFER IN PROGRESS, 



14 



REAO? UNUSED 



DON IOC 



WRITES IF 
TERMINATION 



I, Qmm T0»10 
STATUS tTOlOONJ 



NORMAl, 



13 



12 



TOIOER fO-10 ERROR TERMINATION 

READ? AN SPR UNIBPS PARIfy ERROR 

(DiAaitNuPEi), fop»ii mmm parity 

CSTATUSUl«PE3 3# OR A UNlBUS TIHEOUf 
t»0 Bit) OCCURRED DURING A T0»10 BffE 
TRANSFERf OR THE -11 PROGRAM SET THE 
BIT STATUS CERllOSJ, STATUS tTOlODNJ 
Mil,!, NOT BE SET, IF AN ERROR 
TERMINATION OCCOaREO, THUS ' *U 
PROaRAMS MUST TEST FOR BOTH TOIODN AND 
TOIOER, 

ERR 1 OS WRITEI IF I, SET TO»IO ERROR 
TERMINATION STATUS tTOlOERj , THIS BIT 
ON A WRITE IS PROVIDED FOR DIAGNOSTIC 
PURPOSES ONI*y, WRITING A 1 DOES NOT 
TERMINAlE A TRANSFER IN PROGRiSS 

RAMISO RAH IS ZEROS 

READ I THE DATA OUT OF A RAM l,0CAT10N 
IS AW 0»S, THIS BIT IS PROVIDED ON A 
READ FOR DIAGNOSTIC PURPOSES ONI,? » IT 
HAS NO MEANING AMD IS UNPREDICTABLE 

UNiiESS TfiE DTE20 IS BEING SlNSfif 
.STEPPED, 
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ERR IOC 



11 



WRIfEl ir 
TERMINAflON 



I, Ct»EAR 
rTOiOERj 



f€J»iO ERROR 



TQHm -10 REOUESfED •U IKTERRWPf 



READS THE •10 
DTEN, f011D$) 
INTERRUfT, 



HAS RiQUESfiO iQQHO 
AH -ll DOORiEfcl, 



10 



tmilS WRITE t ir I, SET •10 REQUESTS -ll 
INTERRUPT STATilS CTOllOBJ, fHJS 
RESUWS IM AN •!! VECTOR INTERRUPT, 

DXWR01 OEXWOR0 I, THIS BIT IS PROVIDED Oi A 

READ rOR DIAGNOSTIC PURPOSES ONI.!, IT 

HAS NO MEANING AND IS UNPREOICTAlM 

UNLESS THE DTE20 IS BEING SINGi,E 
STEPPED, 

IMfUC WftlTEl ir 1, CLEAR 'lO REQUESTS "11 
INTERRUPT STATUS (TOllOBJ, THIS 
:ENABl.ES MORE OOORBEW, INTERRUPTS • TO THE. 

• 11 -TO BE: GENERATED.,,, 



09 



MPBU 



>J1 MEMORy PARITY ERROR 



READl 

HAD A 

FOR A 

ERRORS 

THE MFltUP 

OPTION, 



INDICATES THAT THE *ll MEMORY 

PARITY ERROR DURING A DATA rfiTC« 

T0»10 iXTE TRANSFER, PARIff 

ARE DETECTED OMM If THE •11.. HAS 
OR MFllDP MEHORY PARITI 



08 



PERCI^R WRITE; IF 1, CLEAR THE *ll HEMORf 
PARITY ERROR FLAG STATUS UlMPEJ , 

TOlODi -11 RgaUEST -10 INTERRUPT 



07 



READt THE •11 HAS REaUESffiD A -lO 
DOORBELL INTERRUPT STATUS tlNTlOSJ AND 
THE -lO HAS NOT YET CLEARED THE BIT 
(GONO DTEN, CL11PI3 

INTIOS WRITE! IF 1, SET REeUEST •lO INTERRUPT 
STATUS tTOlODBJ AND CON! ITOlOOBJ , THIS 
RESULTS IN A VECTORED INTERRUFT TO EPT 
LOCATION 104 t g»N IN KLIO EPf, 

TOllDi TO*ll TRANSFER DONE 

READI THE TO»ll BYTE COUNT BECAME 
EQUAL TO (TOllBC » OJ, THE TRANSFER 
STOPPED §i A SULL CHARACTER (STATUS 
INULSTP3 f 1), OR THE -11 PROGRAM SET 
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Oi 



THE BIT CSTATUS tPOSllSJ) 

DONllS »ilRITEt IF I, SET fO»ll HOmhU 
TERMlSAflON ri^AS STATUS CfOltDNJ, THIS 
BIT ON A WRITE 11 PROVIDE© FOR 
DIAGNOSTIC PURPOSES ONif^ WRITIHa A i 
DOES NOT TERMINATE A TRANSFER IN 
PROGRESS, 

EB5EI, 1 i«rrSR SEI.ECT. THIS SIT IS PROVIDED 
ON A READ FOR OIAaNOSTIC PURPOSES OND¥, 
IT HAS NO MEANING AND IS yNPREDICTA8t,E 
UNIiESS THE DTE20 IS BEING SINSig 
STEPPED, ■ 



OS 



OONUC WRTTEl IF 1, CLEAR T0*11 NORMA!, 
TERMINATION FibAG STATUS tTOllONJ 

Wai^STP NOt^l, STOP 



04 



READ I THE TO»li TRANSFER STOPPED 
lECAUSE THE STOP ilT WAS SET 
CTOllBCtZSTOPj « i). 

IKTRON WRITEl IF X, ENAil^E? DfEIO TO 0EieRAfE 
POP*H BR REOUESTS, WRITING OR I 
DDES NOT CIiEAR htiK. INTERRPPTS WAITING, 
(INTROF DISABliESf INTSON READS) 

SPARER EiOS PARITY ERROR CBREADBOARDI WN0SCD3 

READ I THE DTE20 DETECTED AN EiWS 
PARITY ERROR DURING A TO-U DTE20 BffE 
TRANSFER OR EXAMINE TRANSFER, 

EBUSPC WRITE! IF A i, CI.EAR EBUS PARITY ERROR 



03 



RESTRICfEO MODE 



RM 



READJ IF l# THE ATTACHED PDP»l I IS IN 
RESTRICTED MODE, IF 6, THE ATTACHED 
•PDP»U 1$ IN PR.IV1I.EG1D MODE.,:. THE 
VAI.UE OF THIS BIT IS OEieRMlNED if THE 
SETTING or THE PRIVILEGED SWITCH ON THE 
DTE20, (BREADBOARDS SWITCH IS NOT 
PRESENT AND FRONT END IS ALWAfS 
PRIVIfciGEDl 



IITROF WRITE! IF I# OISAII^E 0TE20 FROM 
GENERATING PDP-U SR REftOeSTS, WRITING 
OR I DOES NOT CLEAR ASy INTERRUPTS 
WAITING, (INTRONENABIiES, 3 
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02 



BEXDON fiEPOSjT/EXAKlNE DO^fE 



READ? THE hmf ©EPOSIT OR EXAMINE 
OPERATION HAS C0«Pi»EfE6, NO INTERRUPT 
OCCWRi, THE .11 MUST WATCH rOR THIS 
BIT TO BE SET ArtER EVERY DEPOSIT OR 
EXAMINE. THE DfE20 Ct^lARS $fMUS 
tOEXtON] WgEMEVER A DEPOSIT OR EXAKIKE 
IS STARTED CB¥ WRITING tgNA02), 

EiOSPS «RITE» If A I, SET EgUS PARITY ERROR 



01 



TOllER T0»11 BITE ERROR TERMINATION 



READ J AN ERROR OCCWRRED PORING A TO-ll 
SlfTE TRAKSfER, OR THE •!! PROGRAM SET 
THE BIT STATUS tERRllSJ, STATUS 
tTOIlDNi mhh WOT iS SET ir AN ERROR 
TERMINATION OCCURRED, THUS PROGRAMS 
MUST TEST FOR BOTl TOllDN AND TOUER, 



00 



ERRllS WRITEl If I, SET TO»ll ERROR 

TERWINATIOM FI*AG STATUS {TOUiRj, THIS 

BIT ON A WRITE IS PROVIDED FOR 
DIAGNOSTIC PURPOSES ONLf, WRITING A I 

DOES NOT TERMINATE A TRANSriR IN 
PROGRESS, 

IMTSON INTERRUPTS ON 



READ I IF 1, THE DTE20 IS ENAiI,EP TO 
GENERATE ^ll BR REQUESTS, IF 0, IT IS 
DISABfcED, (INfRON ENABLES, INTROf 
DISABliES.) 



ERRllC WRITES IF I, C«*EAR TO-H 
TERMINATION FI«AG STATUS CTOiliR] 



ERROR. 
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PASE S3 



TENAOU TEN ADDRES3 WORD 1 CfEMAOl » 174010 t 40*N) 

EXCEPT PRTOFF, THIS «0B0 IS NOT RESET 50 THAT THE -ll 
PROORAM MEED MOT WRITE IT FOR EACH OPERATIOM, 

•II ill SXMaOl. NAME 

1S*13 SPACE ADDRESS SPACE 

THIS FIEliD IS USED FOR UNPROTECTED 
EXAMINES AND DEPOSITS ONl,f, THEREFORE 
THE DfEaO INTERPRETS THIS FIEW OUhY ON 
PRIVII^EGED FRONT ENDS WHEN 
TENAD1CPRT0FF3 » I, 






DEP 



U 




1 

2 
3 



EXEC PROCESS TABliE (EPTJ 

EXEC V^IRTIIAI* 

USER PROCESS TASli CUPf 3 

USER VIRTP All 



4 PHYSICAl. 
S»7 UNDEFINED 
DEPOSIT (DEP) 
READ! 



RESERVED TO DEC 



WRITE? •!! SOFTWARE SPECIFIES WHETHER 
A DEPOSIT (J) OR AN EXAMINE (0) 
FUNCTION IS. TO B-E DONE,- WHENEVIR- T«E^ •!! 
WRITES WORD TENAD2, ON A READ OF 
TENAOl, DEP IS A I IF THE I«ASf 
DEPOSIT/EXAMINE WAS A DEPOSIT OR A 
DIAGNOSTIC DEPOSIT^ IT IS A IF THE 
I,AST DEPOSIT/EXAMINE WAS AN EXAMINE OR 
A DIASNOSTIC EXAMINE, 

PRTOFF EXAWINE/DEPOSIT PROTECf OFF 

CBREADBOARDJ NOT PRESEWfJ THIS BIT IS 
IGNORED IF THE DTE'aO ..IS-SWITCHEO TO^^ 
RESTRICTED MODE, FOR A PRlVIiEaSD 
FliONf END , IF A I , EXAMINES AND 
DEPOSITS ARE NOT REI.OCATED AND NO 
PROTECTION CHECK IS MADE ON THEH, 
INSTEAD THE ADDRESS SPACE DESIRED IS 
INDICATED ay THE SPACE Flil*»% THE 
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OTE20 RESETS THE ASSOCIATED HARDWARE 
BIT AFTER EVERY EXAMINE AN© DEPOSIT TO 
REDUCE THE CHANCE THAT A RtfUAWAf 
PROGRAM IN A PRlVH.EaE» FROKf END •11 
lill.1* CMWER THE *10, A RESTRICTEft 

rmnf end can oni^i examine or deposit 

IN THE COMMUNICATION RE6I0IIS DEFIilED i¥ 
THE •10, A READ or fENAOl RETURNS THE 
? A WE WRITTEN B¥ THE i* AST WRITE Or 
TEN AD 1 AND SO mt DIFFER FROM THE 
ASSOCIATED HARDWARE BIT WHICH CONTROIiS 
THE PROTECTION, IF PRTOFF « 0, 
EXAMINES ARE REi*OCATlD 8¥ T«E EPT, 

10»09 UNUSED 

READ! SHOOIiD 8E 

WRITEl MBZ THESE BITS D© NOT SO OUT ON 
E»US, 

08-07 UNIMPI-EMENTED 

READS SHOWl-D »E 

WRITE? MiZ THESE BITS GO OPT ON EIWS, 
06*00 HIGH ORDER KI,10 ADDRESS »ITS 

THE wU PROGRAM WRITES THE DESIRED KhlO 
ADDRESS BITS 13»19 ON EXAHIMES OR: 
DEPOSIT FUNCTIONS, 

TEKAOai TEN ADDRESS WORD 2 (174012 + 40#N) 

THE DTE20 PERFOftMS AN EXAMINE OR DEPOSIT EVERY TIME 
TENAD2 IS WRITTEN AS SPECIFIED BY THE TENADl CDEPJ ilT, 

"11 ftIT NAME 

1§-00 IjOW ORDER Kl< 10 APORBSSiJTS 

THE »1 I PROGRAM MOSf WRITE TENAD2 IN 
ORDER TO START AN EXAMINE OR DEPOSIT, 
WRITING TENAD2 CMARS THE STATUS 
tDEXDONJ BIT, STATUS IDEXOONJ IS SET 
TO 1 WHEN THE EXAMINE OR DEPOSIT IS 
FINISHED, THE INTERPRETATION OF THE 
ADDRESS BITS DEPENDS ON THE FIElD 
TENADl CSPACE] AND TENADltPRTOFPJ, 
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fOlOADi TO-10 PDP-U MEttORy APDRESS (174020 4. 40*SJ 

•11 BIfS NAME 

IS»00 BITE ADDRESS OF SOURCE SfElUG 

[BREADBOARDS SIT 00 INDICATES WORD OR 
B3ffE MODE In fQ»ll fBAWSFERS, SITS 
15-01 ARE WORD ADDRESS OF Sf RINGJ , 
THIS WORD IS lIPDAfiO AS EACH B¥fl 
(WORD) IS TRANSFERRED, AT THE END OP A 
TRANSFER, II POINTS TO THE iltE (WORD) 
WHICH WOU|,D HAVE BEEN TRANSrERRED NEXT t 

fOlOBCl TO»10 BYTE COUNT (174014 t 40#N) 

THIS liOCAf ION IS PROVIDED FOR MONITORING PURPOSES ONI»¥, 
If IS READABLE AND WRITEABLE BJ THE PDP»il, HOWEVER 
THE DTE20 «II*li NOT START THE TRANSFER WNTIl, THE -10 
SETS THIS REGISTER WITH A DATAO DTEN, 

*11 BITS NAME 

IS INTERRUPT iOTH PROCESSORS AT THE 

COMPJ.ETION or T«E CORRINT TO-IO 
TRANSFER. 

14»j2 0»S 

U-00 NEGATIVE ilfTE COUNT 

TOlOOll fO-lO POP-11 DATA WORD C 174024 ♦ 40*N3 

THIS WORD IS PROVIDED FOR MONITORING PURPOSES OUht, 

•11 BITS NAME 

lS-08 HISH ORDER BYTE 

-U BYTE mode: 05 

-11 WORD MODEJ -11 BITS WHICH 

WILL BECOME KLIO BITS 20-27 

07-00 i;,0« ORDER BITE 

KHO BITS 28-35 
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fOUADl fO*il pep»U MEMOBf APORESS (174022 t 40#»3 
-tl eifS NAME 



1S*00 



EEADI NEXt •11 BItE ADDRESS IN MEMORf 
fO BE TRANSFERRED tO, MAY SE READ 
DWRING A TRAHSFER, 

WRIfEl BYfE ADDRESS IN -ll MEMORY OF 
WHERE to SfOEE NEXI iXfl RECEIVED FROM 
*10, tSREADBOARDt BJT GO IS I If BYfE 
umtt If WORD MODE, BIfS 15-01 ARE 
WORD ADDRESS], THIS t*ORD IS UPDATED AS 
EACH BYTE (WORD) IS TRANSFERRED, Af 
THE END OF A TRANSFER, IT POINTS TO TME 
BITE (WORD) WHIC« WOUfcD HA¥E BEEN 
TRANSFERRED NEXT,' 



T01J8CI TO-11 BYTE COtfNT (174016 ♦ 0*N) 
•11 BITS NAME 
15 I 



14 



READ! VALUE OF liAST WRITE TO THE 
REGISTER BY THE SOFTJilARg AS STORED IN 
THE RAM, NOTE I THE 1 Fl,IP»FMP IS 
RESET to ON TERMINATIONS AND THE 
ASSOCIATED RAM BIT IS NOT USED, 

WRIfEl IF 0, ON NORMAl, TERMINATION 
INTERRWPT ONliY THE •U, IF 1, ON 
NORMAfc lERMlNATlDN INTERRUPT 80TH CPUS, 
IF AN ERROR OCG«iRS, THE I BIT tS 
IGNORED AMD BOTH CPUS AtWAYS GET AN 
ERROR TERMINATION INTERRUPT, A 
PRlflliEaED FRONT END Ct.£AR ISSUED BY A 
-10 RESET OR -11 iSTCliR RESETS THE 
ASSOC! At ED HARDWARE BIT, A READ OF 
TOliBC RETURNS THE i^AST VAtWE MRITTEN 
BY SOFTWARE AND MAY DIFFER FROM T»i 
ASSOCIATED HARDWARE BIT IF A PRIVlt^EGED 
FRONT END CfcEAR HAS OCCURRED, 

tBWQ¥ 

READ! VA1.0E OF iAST WRITE TO THE 
REGISTER BY THE SOFfMARE AS STORED IN 
THE RAM, iOTEl THE ISTOP Fl.IP-Fl,OP IS 
RESET TO ON TERMINATIONS AND THE 
ASSOCIATED RAM BIT IS NOT RESET, 
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WRITEt ir 1, STOP ON NOU CHARACtiR 
RECiltED wmn »iQ Aftm SfQUim It tu 
THE -il, TOllAO IS MOT WCREMENfID iO 
THAT THE NgXt TRANSFER CAM START &t 
OVERWRITING THE KUliti C«ARACTBR IF THE 
SOFTWARE WISHES, A PRIVlI.eGE0 FROST 
END CLEAR ISSUED Bt A -10 RESET OR •U 
MSTCltR RESETS THE ASSOCIATED HARDWARE 
BIT, A READ OF TOUBC RETURNS THE I^ASt 
VAliOE WRitTEi Bt SOftWARE AND Mht 
DirrER FROM THE ASSOClAfEO HARDWARE ilT 
IF A PRIVII^EGED riWt INO CIjEAR HAS 
OCCURRED, 

13 T0118M 

READ! VAI.UE OF |;,AST WRITE fO THE 
REaiSfER ©If THE SOFTWARE AS STORED iN 
THE RAM, IIOTEI THE TOllSM FWP*ri,OP 
IS RESEf TO OW TERMINATION AND f HE 
ASSOCIATED RAM iJf IS NOT RESET, 

WRITE I IF I, SET BfTE MODE, IF O, SET 
WORD MODE F0« TO»ll TRANSFER, SEE 
TOlOiC CTOIOBMJ FOR T0«10 DIRECTION, 

12 UNUSED 

11"00 NEGATIVE BYTE COUNT 

REAOI THIS i^OCATIOW IS MODIFIED BY 
HARDWARE 0»I,¥ OURIKa TO 1 1 TRANSFERS, 
IT mt BE READ DURI MS TRANSFERS, IT IS 
NOT AFFECTED ON Ti-IO TRANSFERS 

WRITE? THE TRANSFER WIW. BEGIN WHEN 
lOTH tOllAD AND fOilBC HAS BEEN WRITTEN 
SIMCC liAST TERMINATION, 

TOllDTl TO*ll PDP»ll DATA WORD (174026 1- 40*N3 

THIS WORD IS PROVIDED FOR MOWTORING AND ERROR 
REPORTING PURPOSES ONM, ON TBR«I«AT10N If CONTAINS 
THE IrASf BffE (WORD) OP DATA fRAMSFERRED, 

•11 BITS NAME 

15*08 HIGH ORDER BYTE 

•11 BfTE MOOEI KMO BITS 28-3S OR 

KlilO BITS 20«27 

• 11 WORD MODE I KWO BITS 20-27 
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07-00 LOW ORDER 8KTE 



•il WORD MQ0EI KlilO MIS 28-3S -U 
BITE HOPE! KLIO SITS 20-27 OR 2S-3& 
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19, APPENDIX -P0P*U UWIiyS PARlfl SPiCIFICAf ION 

19.1 FORWARD 

THIS SPECtFICATION FOR yfJlBUS PARITf WAS REVieMIO A»D ftCCSPfED 
Af I mBTlMG kmih 29tW ai POP-U CEWfRAI* ENGIRIERIMG AND mW. 
BE INCORPORATED INTO TIE fORMAI* VNIiUS SPeClFICATlON CURRENfI,¥ 
iElNS DEVEl,OPiD BY THAT GROUP^ 

19.2 UNIBUS PARITIf SPECIFICATION GOAI.S 

19.2.1 INCREASE OF DATA INTEGRITY • THOSE SysTEMS WHICH 
IMPI^EMENT THIS SPEC, ^Ihh REAJ^IZE AN INCREASE IN DATA 
INTEGRITY SINCE DETECTION OF ANY SINGl^E BIT FAILURE IN EITHER 
ADDRESS OR DATA ON THE UNieUS MU.L Fl^AG THE SOFTWARE THAT AN 
ERROR HAS OCCURRED, ADDITIQNALLSr, SYSTEM THROUGHPUT WILI. 
INCREASE BECAUSE OF A REDUCTION IN THE AMOUNT OF SOFTWARE ERROR 
CHECKING REQUIRED, 

19.2.2 BACKWARD COMPATAilLITI • THE SPECIFICATION MOST TARE 
INTO CONSIDERATION THAT NOT AI*!. DEVICES ON THE WNIBUS Wll.1. 
INCORPORATE THIS SPEC, AID THEREFORE MUST IE CREATED TO rREfitif 
AlitOW THE MIXING OF PARITY CHECKING AND NON-PARITI CHECKING 
DEVICES ON THE ONIBUS, 

19^2,3 ERROR DETECTION •THE HARDWARE MUST OEfiCT THE PICKINa 
OR DROPPING OF ANY SINGLE BIT ON EllHER THE ADDRESS OR DATA 
LINES ON THE UNIBUS, THE EXTENT OP THE RECOVERY CAPABILITIES 
IS LIMITED ONLY BY THE EFFORT UNDERTAKEN il THE SOFf MARE 
RUNNING Af THAT TIME, 

19,2,4 DECREASE MEAN TIME TO REPAIR • THIS SPECIFlCAf ION WILL 
SIGNIFICANTLY REDUCE THE «EAN TIME TO REAIR THE OPTIONS AND, IN 
GENERAL, THE SYSTEMS MHICM INCORPORATE IT, THE REDUCTION WILL 
BE GREATER IN THOSE SYSTEMS WHICH IMPLEMENT THIS SPECIFICATION 
ON ALL DEVICES, 



'» 



19,3 GENERAL DESCRIPTION OF UWIBOS PARITY 

THE STATES or THE PA AND PB LINES ARE DEFINES AS FOLWMSI 

PA Pfl DEFINITION 

NO CHECKING, NO ERROR 

I CORE MEMORY PARITY ERROR, NO UNIBUS 

PARITY CHECKING IN EFFECT 

1 THE DEVICE TRANSMITTING THE DATA 

1 1 BITS HAS GENERATED PARITY AND Pi IS THE 

PARITIf BIT, 
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tm MQnhhB BUS m h AND BUS PB h WlUh BE USED FOR UMI80S 
mmtt INFORMATION, PA ASSEKfED B¥ fHE DEVICE ASSERTING fEE 
0ATA BITS W I LI. INDICATE THAT PARITY IS BEIUG TRAMSMITTEO Bt 
THAT DEVICE, THE PAEITY BIT WILL BE PB AND COMPUTED PARITY 
mh BE ODD. IF AN ERROR IS DETECTED, THE DEVICE DETECflWG THE 
ERROR iiILL SET A BIT NAMED "UNlBUSPARITf ERROR" IN ITS STATUS 
REGISTER AND GENERATE AM INTERRUPT, PARITY WILL BE COMPUTED 
FOR T«E COMBINED ADDRESS AND DATA BITS, 

19,3*1 DATO AMD DATOB 

i, MASTER • THE MASTER COMPUTES ODD PARIff ON THE COMBINED 
ADDRESS AND DATA, IT ASSERTS THE PA LINE INDltATING 
THAT THE PB LINE CONTAINS THE STATE OF THE PARITY Bit. 
IT ASSERTS THE STATE OF THE COMPUTED PARITY BIT ON T«E 
PB LINE, FOR TIMING PURPOSES, THE PA AND PB LINES WILL 
81 TREATED AS »OATA'» LINES, 

2, SLAVE •THE SLAVE COMPUTES THE PARITY ON THE RECEIVED 
COMBINED ADDRESS AND DATA, IT THEN COMPARES It WITH 
THE STATE OF THE RECEIVED PARITY ON THE PB LINE, IF 
THE COMPUTED PARITY ISDIFFERENf FROM THE RECEIVED 
PARITY, A BOS PARITY ERROR HAS OCCURRED, THE SLAVE 
WILL SET A "BUS PARITY ERROR" BIT IN ITS CONTROL AND 
STATUS REGISTER AND GENERATE AN INTERRPPT, 

19,3*2 DATI AND DATIP 

1. SLAVE • THE SLAVE WILL ASSERT THE PA LINE INDICATING 
THAT THE Pi LINE CONTAINS THE STATE OF THE PARITY BIT, 
THE SLAVE WILL ASSERT THE STATE OF THE COMPUTED ADDRESS 
AND DATA PARITY BIT ON THE PB LINE. IFi HOWEVER, THE 
SLAVE IS A DEVICE EQUIPPED WIfH MEMORY PARITY* (MEMORY) 
AND IT HAS ALSO DETECTED A MEMORY PARITY ERROR, THE 
SLAVE WILL FOLLOW THE RULES FOR MEMORY PARITY, THAT 
IS, IT WILL NOT ASSERT THE Pa LINE AND IT WILL SIGNAL 
THE MEMORY PARITY ERROR BY ASSERTING THE PB LINE, 
DEVICES WHICH IMPLEMENT THIS SPEC, MUST RECOGNIZE THIS 
MEMORY PARITY ERROR INDICATION, 

2, MASTER • fHE MASTER COMPUTES THE PARITY ON THE COMBINED 
TRANSMITTED ADDRESS AND RECEIVED DATA, IT THEM 
COMPARES IT WITH THE RECEIVED PARITY ON THE PB LINE, 
NOTE THAT THE RECEIVED PARITY HAS BEEN CREATED BY THE 
SLAVE USING THE ADDRESS IT RECEIVED AND DATA IS 
TRANSMITTED, AGAIN, PARITY HAS BEEN CHECKED QH THE 
COMBINED ADDRESS AND DATA, EITHER A CHANGE IN AN 
ADDRESS BIT - AS RECEIVED BY THE SLAVE, OR A CHANGE IN 
DATA BIT - AS RECEIVED BY THE MASTER WILL RESULT IN A 
BUS PARITY ERROR, 

MAINTENANCE FCAfURE • EACH DEVICE IMPLEMENTING THIS SPEC. MUST 
ALSO HAVE THE CAPABILITY TO GENERATE BAD tEVENr PARITY ON 
COMMAND, THIS AU,0«S THE PARITY LOGfC THROWGHOUf THE SYSTEM TO 
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BE CHECKEO FOR CQRRBCf OPERAflOM, ALSO, THE «1A0» Qhth MPSt BE 
CAPTURED m A OIVICE WHEH A» ERROR OCCURS TO ASSIST IN FURTHER 
ISOI^ATION OF THE FAll-URB, 

TIMING CONSIDERATIONS - SINCE THE PRIMAR¥ GOAl, OF THIS 
SPECiriCAllOH IS AN INCREASE IN DATA INTEGRITY PROVIDED FOR 
SXSTEM SOFTWARE, khh PARI TTf CHECKING AND ERROR DETECTION HAI »E 
ACCOMPLISHED "AFTER THE FACT," THIS MEA«S THE WlgUS TRAW^fER 
RATE IS NOT HINDERED AND; "BAD" DATA MAI BE USED BUT THE SfSTgM 
WILL ae FLAGGED THAT AN RRROR HAS OCCURRED AMD MAX TAKE 
APPROPRIATE MEASURES TO RECOVER, 

ADDITIONAL CONTROL CONSIDERATIONS • ALTHOyaH NOT REdUIRED Bl 
THIS SPECIFICATION VARIOUS DEVICES MA¥ IKCORPORATE ADDITIONAL 
FEATURES, IF DEVICE TIMING PERMITS, THE PARITY CHECKING «A¥ BE 
ACCOMPLISHED BEFORE THE DATA IS USED AND THE OPERATION IN 
PROGRESS ABORTED IS AN ERROR IS DETECTED. AGAIN, THESE ARE NOT 
STRICT REQUIREMENTS OF THIS SPECIFICATION j&Uf INCLUSION QW 
FEATURES OF THIS TIPE WOULD FURTHERSTRENGTHEN THE DEVICE'S 
SUPPORT OF THE GOALS OF THIS SPECIFICATION, IT IS EXPECTED 
THAT DESIGNERS OF NEi« EQUIPMENT WOULD CONSIDER IMCtUSION OF 
THIS EXTENDED CONTROL FACILITI IN THEIR EOUIPMENT, 

19.4 ADVATAGES OF THIS SPECTFtCAflON 

1, DATA INTEGRITY OF TRANSFERS ON THE UNIBUS, 

2, NO NEW UNIBUS SIGNAL LINES WEEDED AND THIREFORi NO ECOS 
ETC, TO EXISTING EQUIPMENT, 

3, DECREASE IN MTTR BECAUSE ERRORS ARE NOW DETECTED, 

19.5 IMPLEMENTATION 

APPRO?AL OF THIS SPECIFICATION IS NOT INTENDED TO TRIGGER THE 
REWORK OF ALL EXISTING OPTIONS BUT WOULD AID IN DIRECTION OF 
FUTURE DESIGN EfFORtS, HOWEVER REWORK IS NOT TOTALLY RULED OUT, 
THOSE GROUPS SEEING A^ NEED TO REWORK AN EXISTING DEVICE SHO-ULD 
NOT MAKE THE CEAGES IN THE FORM OF ECO BUT RATHER GENERATE A 
NE« OPTION DESIGNATION MODIFIER SUCH AS -# iNDlCAriNG THE 
PARITY CAPABILITIES, THESE MODIFIED OPTIONS MIGHT BE" SOLD .AT '"A 
SLlGHTLf HIGHER PRICE TO CUSTOMERS DESIRING THE .DATA INTEGRIff 
TO HELP DEFER THE DEVICE MODIFICATION COSTS, 

THESE SALES WOULD MOST LIKEL¥ OCCUR WHEN THE SfSTEH IS SOLD 
INTO AM ENVIRONMENT WHERE ERRORS CANNOT GO UNDETECTED SUCH AS 
ANX COMMERCIAL ENVIRONJiBNT, 

20, APPENDIX - LOOSE ENDS 

4, ASSIGNMENT OF DTE20 ADDRESSES WITH •! I ENGlNEgRINS SO 
THAT Tmn CONSIDER THE DTE20 A DIGITAL DEVICE RATMiR 
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THAN aUSf A »10 SPECIAli, 

2, WHAT'S ON THE 2 DS LINES WHICH ARE NOW 6 WHlfcE SYSTEM 
RUNS? 
HOW ftgOOT USER WODE AND COWGEAlilD MOOE? 



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC • CUM. 4,3 PAGE §3 
rRONT END INTERFACE (0TE2O) • REV 7 



21, INDEX 



COMMUNICATION REGION 












5 


CONI , , , , . • , , 












36 


CONO^, , » ,. , , :,. ,. 












36 


CONSOLE FUNCTIONS , 












12 


DATAI , , , , , , . 












39 


DATAO ,„, ,,,.,.,., 












39 


DEPOSIT , ,., , , . 












IS 


DEXWDl .....,..,...,^..,. 












40 


mmm .. , . , . , . , , 












40 


DBX»03 ,,.,,., 












40 


OlAGl . . , , , , , 












41 


oiAGa .... ,,......^,.,.... 












44 


0IAG3 ,,,,.,. 












46 


DIAGNOSING THE 0fE2O 












32 


OIAGNOSING THE KI.10 












29 


DWCNf , , , , , , , 












47 


D00R6EI.i. , , , , , , 












16 


EPT , ,.,,.., ,' , , . 












9 


ERROR OEfBCTION , ,. 












27 


EXAMINE , , , , . , 












15 



GENERAL PRaGRAMMlNG INFORMATION 2S 

NON^GOAl^S , , , , * , , , , , 7 

NOBMAl, TERMINATION , , , . , t § 

PRiVIliEGED FRONT END , , . ♦ . § 

PROTECTED EXAMINES AND DEPOSITS 5, 14 

PROTECTION , , , ,,,,,, . 14 

REGISTER SUMMARY , ,,,.., 9 

REl^OAOING THE PDP»1 1 , , « , , 32 

RELOCATION , , , , , » ...» 14 

RESET , , , ., , . , „, , ^ , ,, ^ :, , ,, , 25 ■ 

RESTRICTED FRONT END , , , , , S 

STATUS • t - , • : • ,,,'*.« • ' « 49 

TENADl , , , ., .. , « . ,. ., t ■■ » -■■ # ■• . t '. t S3 

"~TENAy2 * ■• . , , * , . , .. « ■ » :. » ■ » . ■, • * S4 

TERMINOLOGY , , , , , , . . , S 

TO* 40 BITE TRANSFER , , . , , 17 

T6-10 B¥TE TRANSFERS ,. , , , 19 

TO* 11 BYTE TRANSFER , , , , , I? 

TO»il 8YTE TRANSFERS , . . , , 22 

TOIOAP . , , • . , . • , . . • S5 

TOl OBC • • ».•«,,, • » • 55 

TOIODT, „.. , .,,,,. ,„,..,. ,^. . ,. ,.., 55- 



TO}. IAD f ■ f. ■ t t • • • • • • • « Sfe 

TOliBC t • « • t • * t • » i i 56 

TOUDT , f » , « f t • • • • • 57 

tEJiip OF CH4S03,SPC] 



IQBQf 2040, 2060 EfiaiNEEBING FWCflONAI^ SfEC • CHAP 5,1 

TlfliEl CHANiEii BOS CCBUS) - M80X/RH20 INfERFACE • RgV 
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AiSTRACT 

THE CHAKNEl, BUS (CiOS) COMSECTS TmE 8 SUH,T*IN CHAMMEl^S W 
THE «80X WITH THE Up TO 8 MASSBUS CO»f ftOliliERS CRH20), THE 
C8US PASSES BOTH CONTROl. INFQRMATION AND OAf A AT HIGH SPEED, 
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1,0 INTRODUCTION 

THE CBUS IS A SltNCHRO»OIIS SUS SISTEM COKNECTING THE MBOX TO 
A MAXIMUM OF EiaHT MASSBOS CONTROliLERS (SEE FIG, i), f«E 
FIRST FOUR HAMDLE A 1 MICROSECOND DATA RATE AMD THE SECOND 
FOUR A 2 MICROSECOND DATA RATE, THE MBOX IS A MGICAl. UKIT 
WMICH, AMONG OTHER FUNCTIONS, COMMUNICATES OIRECTtiV WITH THE 
MEMORT SXSTEM, EACH MASSBUS CONTROLIiER CAN CONTROL UR TO A 
MAXIMUM OF EIGHT DRIVES (FIXIO-HEAD DISK, MOVIWG-HEAD OISK^ 
MAGTAPE DRIVE), THE PWRPOSE OF THE CBUS IS TO TRANSMIT HIGH 
SPEED DATA AND CONTROL INFORMATION BETWEEN THE MBOX AND THE 
MASSBUS CONTROLtERS, 



2,0 REFERENCE 

1, "EBaS SPECIFICATION* AS REVISED, VIC i^U, APRIL 17, 
lf73 

2, "WIRING ROLES FOR M&E BUS AND CLOCK DISTRIBUTION" AS 
REVISED, SULTAN ZlA, FEBRUARY 7, 1973 

3, MASS8US CONTROLLER HARDWARE SPECiriCATION" AS 
REVISED, VIC KU, FE8, §, 1973 

4, "MASSBUS INTERFACE STASDARO'' AS REVISED, OCTOSER 17, 
1972 



1,0 TERMINOLOGY 

1, CONTROLLER • MASSBUS CONTROLLER 

2, INPUT DATA TRANSFER - ONE WOHD TRANSFERRED FROM A 
CONTROLLER TO THE MBOX VIA. THE CBUS 

3, OUTPUT DATA TRANSFER • ONE WORD TRANSrERRlD FROM THE 
MBOX TO A CONTROLLER VIA THE CiUS 

4, INPUT BLOCK TRANSFER . A SERIES (ONE OR MORE) OF 
INPUT DATA TRANSFERS 

5, OUTPUT BLOCK TRANSFER • A SERIES (ONE OR MORE) OF 
OUTPUT DATA TRANSFERS 



4,0 GENERAL THEORf OF OPERATION « SEE FIG, 4 FOR THE 
TIMING or THE INPUT/OUTPUT BLOCK TRANSFER, 

CLOCK-TIME-OIVJSION • MULTIPLEXING TECHNIfiUE IS USED TO 
CONTROL THE CBUS OPERATIONS, A FREE RUNNING CLOCK C8 MHZ) 
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EXISfS IN THE EBOX AND THE Ct-OCK IS SENT TO EACH CONTROI^MR 
VIA THE E8US AM IS SENT TO TME MBOX B¥ INTERNAL 
CONMECTIONS, A pELAy lilNE PER C0NTROt,fcER IS USED TO 
SXKCHROMIZE (DESKEW) THE SiaHAIiS iEfWEEN EAew CONTROI^IiER AND 
THE «60X, 

THE MBOX CONTlNOOOSLlf SEI.ECTS ONE or THE EIGHT CONTROl,l,BRS 
B¥ GENERATING EISHf CONTROI*I*ER SEiECTlON l^INES IN THIS 
SEOOENCil 0rl,2»3r4r5#aaf2#3r§#7?0fI#2f3,4,S.,,, CSEE 
FM, I) , THE SEQUENCE IS STEf PEO WITH THE mkOlMQ EDGE OF 
THE CLOCK SIGNAL, 

A CONTROLLER IS ALLOWED TO TRANSMIT OR RECEIVE DATA ANO 
CONTROL INFORMATIONS ONLY MHEN IT HAS BEEN SELECTED W THE 
MBOX, FIG, 3 SHOWS THE FOUR CfCLES USgO 6¥ THE «BOX AND A 
CONTROLLER DORING A DATA TRANSFER OPERATION, EACH CICLE IS 
ASSERTED BY THE LEAOING EDGE OF A CLOCK PULSE AND IS NEGATED 
8f THE LEADING EDGE OF THE NEXT CLOCK PULSE, 

i, SELECT CXCLE • THE "SELECT" LINE OF A PARTICULAR 
CONTROLLER IS ASSSRTEB THROyGHOWT THIS CYCLE, 

2, REQUEST ClfCLE • THE SCLECTEO CONTROLLER WILL ASSERT 
THE "REQUEST" ^LINE (IF' PAfA. RESUEST ' IS NEIDEO^ 
THROUGHOUT THIS CXCLE, 

3, WAIT CfCLE" THIS CyCLE IS USED BY THg MBOX TO 
PREPARE DATA AND STATUS FOR TRANSMISSION, NEITHER 
DATA NOR STATUS IS ASSERTED DURING THIS CICLE, 

4, DATA CYCLE - DATA ARE PUT ON THE "DATA" LINES EITHER 
m THE MBOX COUTPUT DATA TRANSFER) OR &t THE 
CONTROLLER CINPUT DATA TRANSFER) DURING THIS CfCLE, 
THE RECIPIENT OF THE DATA WILL STROBE THE DATA LINES 
AT THE TRAILING EDGE OF THE DATA CYCLE, ALL CONTROL 
LINES CERRORS, READY, LAST WORD, CTOM, START, REStf, 
DONE AND STORE) EXCEPT THE "REQUEST '» LINE ARE 
ALLOWED TO BE ASSERTED DURING THIS C^CLt ONLY, 

TRANSFER RATE - CONTROLLERS 0,1,2, AND 3 ARE SELECTED TWICE 
AS OFTEN BY THE «80X»S SELECTION SiOTENCE AS CONTROLLERS 
4,5,^ AND 7, 

1. THE MAXIMUM TRANSFER RATE OF CONTROLLER 0,1,2,3 IS 1 
USEC/WORD, 

2, THE MAXIMUM TRANSFER RATE OF CONTROLLER 4|S,« AND 7 
IS 2 US/WORD* , 



§,0 CBUS SIGNALS (SEE FIG, 2) * ALL SIGNALS. EXCEPT THE 
EIGHT RADIAL "SELECT" LINES ARE DAISY-CiAlN LINES, 
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1, CAfA CO00»I>3S)j BIDIRECTIOHAI. 

THESE 3S hinm CARRf THE HISH SPEED DATA ANO ARC VAlilP OHhY 

mmm -data cfCiE* (sei ria, 4,2), the mbox sha3ui. APPi.y 

ZEROS OM THE«0Af A« LINES FOR A CONTROLLER (PURINS ITS DATA 
CifCLE) WMEWEVER THERE IS NO DATA TRANSFER REQUEST FROM TH£ 
CONTROLLER, 

2, SECLECT (SEL • SEL Tit MBOX TO CONTROLLER, 

THESE EIGHT RADIAL LINES ARE CONTINWOUSLX SENT TO SELECT ONE 
CONtROLLER At A TIME EVERX 125NS (SEE Fta, 3 FOR TIMING 
INFORMATION), THE SELECT LlNg OF A CONTROLLER DEFINES TMg 
BEGINNING OF ITS FOUR DATA TRANSFER CYCLES (SELECT CfCLEt 
REQUEST CyCLE, WAIT CXCLE AND DATA CYCLE), 

3, ERROR? MBOX TO CONTROLLER 

THE MBOX SHALL ASSERT THIS LIME (DURING DATA CfCLE ONLI) TO 
INFORM THE CONTROLLER THAT THE CyRRENT INPOT/OUTPUT iL0C» 
TRANSFER MUST NOT CONTINUE DOE TO ERROR CONDITIONS DETECfED 
IN THE MBOX (SEE 7,0). THE CONTROLLER, UPON SENSING THE 
ERROR SIGNAL, SHALL TERMINATE THE BLOCK TRANSFgR Bt NOT 
WAKING ANlf MORE DATA REQUEST AND SHALL ASSERT "DQiS" CSEi 
S,IO) EXACTLY ONCE DURING A SUBSEQUENT DATA CtCLE. THE 
ERROR LINE SHALL BE NEGATED BEFORE THE MBOX NEGATES THE 
"READy» LINE (5,4,1), IF THE ERROR LINE IS DETECTED AFfER 
IHE "READY" LINE IS NEGATD IT MA¥ BE INTtRPRETED 81 A 
CONTROLLER TO BE ERROR ASSOCIATED WITH THE NEXT BLOCK 
TRANSFER, 

4, READY I MBOX TO CONTROLLER 

THE MBOX SHALL ASSERT THIS LINE (DURING THE DATA CYCLE ONLf) 
AFTER IT DETECTS A "START" SIGNAL SENT Bf A CONTROLLER AND 
AFTER THE MBOX IS READY FOR DATA TRANSFER, FOR OUTPUT BLOCE 
TRANSFER, THE MiOX SHALL HAVE AT LEAST TWO WORDS OF DltfA 
FROM MEMORY BEFORE ASSERTING «R£ADy«, THE »REAOf« SIGNAL, 
ONCE ASSERTED, SHALL BE NEGATED ONLY AFTER SENSING THE 
"DONE" SIGNAL AND AFTER THE MBOX IS PREPARED TO STARt 
ANOTHER BLOCK TRANSFER OPERATION, 

5, LAST WORD; MBOX TO CONTROLLER 

THE MBOX (FOR AN OUTPUT BLOCK TRANSFER ONLY) SHALL ASSERT 
THIS LINE (DURING THE DATA CYCLE) AT THE SAME TIME THE LAST 
DATA WORD IS SENT TO A CONTROLLER, NO MOREi DMA RgaUfiST 
SHALL BE MADE BY THE CONTROLLER AFTER DETECTING "LAST WORD«, 

6, REQUESTl CONTROLLER TOMBQX 

A CONTROLLER SHALL ASSERT REQUEST, DURING ITS REQUEST CYCLE, 
KHENr 



•PASS' 5-; 

i cMkmm ms (cbus) • f^Box/RH2o immrk^g m mv 



U ONE OF ITS OATA BUFFER IW WUth (FOR AN INPUT BIiOCK 
TRANSFER OPERATION), 

2, ONE or ITS DATA BUFFER IS EM|»T¥ (FOR AN OUTPUT BtOCK 
TRANSfER OPERAflON), 

A CONfROliiiR SHAl,!, MOT ASSERT RSaUEST IF? 

t, "READf" LINE IS NOT ASSBRfED BX THE MiOX 

2, "ERROR" I.INE HAS iBE» ASSERTED BY THE MS03E OURING 
THE CURRENT 1I,0CK TRANSriR, 

3, "LAST WORP" HAS BEEN ASSERTED BX THE «BOX DURING THE 
CURRENT BLOCK TRANSFER, 

4, "DONE" HAS BEEN ASSERTEI) BY THE CONTROLLER OURINf 
THE CURRENT BLOCK TRANSFER, 

FOR AN INPUT DATA TRANSFER, THE CONTROLLER SHALL FLACK DATA 
(THROUaHDUf ITS DATA CYCLE) ON THE "DATA" LINES AND THE MBOX 
SHALL STROBE THE "DATA" LINES AT THE TRAILING EDaE OF THE 
SAME DATA CYCLE, FOR AN OUTPUT DATA TRANSrER, THE ABOVE 
OPERATION IS RE VERSED, 

7, CTOM (CONTROLLIR TO MiOX)| CONTROLLER fO MiOX 

A CONTROLLER BEGINS A BLOCK TRANSFER BY ASSERTING "START* 
FOR EXACTLY ONE DATA CYCLE. THE CONTROLLER SHALL INFORM TH6. 
MBOX DURING THE SAME CYCLE, THE DIRECTION Of THE iLOCIC 
TRANSFER fiYS 

1, ASSERTING CTOM FOR AN INPUT ILOCK TRANSFER 

2, NEGATING CTOM FOR AN OUTPUT BLOCK TRANSFER 

8, START I CONTROLLER TO MiO 

A CONTROLLER SHALL ALWAYS BEGIN A BLOCK TRANSFER BY 
ASSERTING THIS LINE ONCE DURING ITS DATA CYCliE, THE LINE 
SHALL BE ASSERTED ONLY WHEN "READY" IS NEGATED. THE CBUS 
SHALL ASSERT "READY" WHEN IT IS PREPARED FOR DATA TRANSFER, 

9, RESET? CONTROLLER f a MiOX 

THIE SIGNAL HAY BE ASSERTED BY A CONTROLLER DURING ANY OF 
Its DATA CYCLE, THE MBOX, UPON DETICTING THIS SlGNALi 
SHALL I 

1, CLEAR THE DATA BUrFERS ASSOCIATED «ITH THE 
CONTROLLER 

2, RESET THE COMMAND LIST POINTER ASSOCfATED WITH THE 
CONTROLLER TO THE INITIAL ADDRESS^ 
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3. WEGAfE khh STATUS ANO DATA I.INES ASSOCIATED «If« IHE 
CONTROLLER AFTER I AN0 2 ARE DONE. 

10, DOWEl CDNTROLLER TO MBOX 

THE COHTROLIiER SHALL TERMINATE A BLOCK fRASSFER B¥ ASSERflNG 
THIS SIGNAL ONCE 0WRIIIG ITS DATA CfCLE* NO MORE DATA 
REQUEST SHALL BE MA&E AFTER "DOWE" IS ASSERTEO, THE MBOX# 
AFTER DETECTING "OONE% SHALL GET REAOlf FOR A «EW BLOCK 
TRANSFER tEMPTY THE IMPUT DATA BUrrERS, ETC,), THE ERROR 
LINE CAN STILL BE USED TO INFORM THE COWTROLLER THAT ERROR 
HAS BEEN DETECTED IM THE CURRENT BLOCK TRANSFER AS LONG AS 
THE ttREADY" LINE IS NOT NEGATED, 

THE MBOX SHALL NEGATE THE "READY* LINE 0«Ly WHEN IT IS 
PREPARED FOR A NEW BLOCK TRANSFER. 



II, STORE! CONTROLLER TO MBOX 

THE CONTROLLER SHALL SEND "STORE* TO THE MBOX ONCE CAT THE 
SAME TIME THE CONTROLLER SENDS "DOME") WHEN! 

J, THE CURRENT BLOCK TRANSFER IS TERJIJNATED DUE TO 
ERRORS DETECTED IN THE CONTROLLER AND/OR 

2, THE C«RRENT BLOCK TRANSFER COMMAND IN THE CONTROLLER 
SPECIFIES THAT "STORE" BE SENT TO THE «BoX AT THE 
CONCLUSION or THE BLOCK TRANSFER, 

THE MBOX, UPON DETECTING "STORE", SHALL WRITE ALL 
STATUS INFORMATIONS ASSOCIATED WTH THE CONTROLLER 
INTO MEMORr, DETAILED STATUS DESCRIPTIONS ARE NOT 
COMPLETELY DEFINED AND WILL BE PUBLISHED LATER B¥ 
PAUL GUGLIELMI AND ALAN KOTQK, 

THE MBOX SHALL KEEP "READy" .ASSERTED UNTIL IT' IS< 
PREPARED TO DO ANOTHER BLOCK TRANSFER, 



7,0 MBOX ERROR CONDITIONS 

UPON DETECTING AN ERROR CONDITION, THE MBOX SHALL ASSERT THE 
ERROR SIGNAL DURING A DATA CfCLE, 

ERROR CONDITIONS OEfECfED B¥ THE MBOC SHALL INCLUDE BUT NOT 
BE LIMITED TO? 

t, MEMORI PARITY ERROR (COMMAND WORD AND DATA WORD) 

2, INPUT DATA OVERRUN « THIS ERROR OCCURS WHEN THE 
CONTROLLER IS INPUTINGDATA tiNPUTBLOCK TRANSFER) 
FASTER THAN THE MBOX CAlJ WRITE INTO MEMORY, 



PAGE 7 
I CHANMEI. BUS CCBUS) • MftOX/RH20 INfiRFACE - REV 



3, OUtPUf DATA OVERRUN • THIS ERROR OCCURS WHEN f«E 
CONfROLliER IS REQ«ESfING OAfA (OUfPUf &Wm 
TRANSFER) FASTER THAN T«E MBOX CAR READ FROM MEMORy, 

4, WORO COUNTER TOO SHORT • THIS ERROR OCCURS WHEM THE 
WORO COUNTER SPECXFIEP IN THE CHANHEL COMMAND «0R0 
FOR AN INPUT SLOCK TRANSFER OPERATION IS SMAl^liER 
THAN THE NUMBER OF OATA WOR0S SENT IN FROM A 
CONTROLLER, THIS ERROR IS PETECTE0 WHEN TME M0OX 
FETCHES AND DETECTS A '•STOP CHANNEL COMMAND WORD AND 
CA) THERE IS MORE DATA IN ITS INPUT DATA BUFFER AND 
CE) HAS NOT RECEIVEp A «0ONE« SIGNAL FROM THE 
CONTROLLER, 

WORD COUNTER TOO SHORT ERROR FOR AN OUTPUT BLOCK 
TRANSFER IS OETECTED Bt THE CONf ROLLER (^£2 8,2), 

5, WORD COUNTER TOO LONG • FOR AM INPUT ELOCK TRANSPERf 
THIS ERROR. IS- OETECTEO WHEN; THE. WORO^ COUHTER • IN THE 
MBOX ASSOCIATED WITH THE CONfROLLfR IS NOT AT ZERO 
WHEN (A) DATA IS RECEIVED, AND (B) ALL THE INPUT 
DATA SUFFERS IN THE M80X ARE EMPTIED t 

FOR AN OUTPUT BLOCK TRANSFER THIS IS PETECTEO WHEN 
"DONE" IS RECEIVED AND (A) THE OUTPUT DATA ftUfFERS 
IN THE MBOX ARE NOT EMPTIED AND/OR CBJ THE WORD 
COUNTER IN THE MBOX IS NOT AT ZERO, 



8,0 CONTROLLER ERROR CONDITIONS 

UPON DETECTING AN ERROR CONDITION, THE CONTROLLER SMALLs 

1, STOP ANf MORE DATA TRANSFER REQUEST 

2, TERMINATE THE BLOCK TRANSFER BY SSNOING "DONE" AND 
"STONE" TO MBOX 

3, NOT EXECUTE ANOTHER BLOCK TRANSFER UNTIL ALL ERROR 
CONDITIONS HAVE BEEN CLEARED §¥ PROGRAM, 

ERROR CONDITIONS DEfECTED BY THE CONTROLLER SHALL INC€»UDE 
BUT NOT LIMITED TOl 

1, ALL MASSBUS ERROR CONDITIONS 

2, WORD COUNTER TOO SHORT - THIS ERROR OCCURS WHEN A 
MASSiUS DEVICE REQUESTS DATA (OUTPUT BLOCK TRANSFER) 
FROM TH,g. CONTROLLER... AND THERE IS. NO: MORE DATA IN THE.- 
CONTROLLER DUE TO THE FACT THAT "LAST WORD" HAS BEEN 
SENT BY THE MBOX TO INDICATE THAT T«E LAST WORo OF 
THE BLOCK TRANSFER IS SENT, 
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3, mm couNfER TOO mm - this occurs when a massbus 

DEVICE HAS REQUESTED AI.I, THE OAfA IT NEEDED (OOTPUT 
BIiOCK TRAHSFER) BUT THE CONTROLI^ER (A J HAS MORE DATA 
in ITS OUTPPT DATA iUFFERS AND/OR (fi) HAS NOT 
RECEIVED A "liAST WORD" SIGMAl, FROM THE MBOX, 

4, AN "ERROR" SWNAt, IS RECEIVED iSEHV Bt THE MBOX), 

5, INPUT DATA OVERRUN * THIS ERROR OCCURS WHEN A 
MASSBWS DEVICE IS INf UfTlNG DATA FASTER THAN THE 
CONfROlil^ER^ IS- AfttiE TO fRANSrER IMTO. THE WOX, 

6, OUTPUT DATA OVERRUN • fttIS ERROR OCCURS WHEN A 
MASSBUS DEVICE IS REOUEStlMG DATA FASTER THAN THE 
CONTROLLER IS ABl,E TO OiTAIM FROM THE «BOX, 

9, WIRING RUtiS 

REFER TO "WIRING ROIiES FOB M I, E BUS AND CMCK DISTRIBUTION" 
(SEE 2,2) FOR Al.1* PROPAGATION DEWlSf IC* TYPES aM9 CA81.E 
INFORMATIONS, 

10, WORD COUNTER REQUIRgMENT 

"WORD COUNTER TOO SHORT" (7,4 AND 8,2) AND "WORD COUNTER TOO 
IiONG" (7,4 AND 8,33 ERROR CONDITIONS ARE MEAN WGPUl, ONtX IF 
THE WORD COUNTER SPECIFIED IN A CHANNEli COMMAND WORD FOR A 
BtOCK TRANSFER IS EXACTfc¥ N TIMES (i^?? 0,1,,.,) THE BLOCK 
SIZE OF A MASSBUS DEVICE (§4 WORDS PER SECTOR FOR THE RS64 
DRIVE, ETC,), 

TEE CONTROLLER WILL NOT EXECUTE THE BACKUP BLOCK TRANSFER 
COMMAND STORED IN THE COWTROLLER WHENEVER THE CURRENT &LOCK 
TRANSFER COMMAND IS TERMINATED DUE to TRANSFER ERROR (SEE 
7.0 AND 8,0), THEREFORir THE ABOVE MENTIONED WORD COUNTER 
REOUIREMENT SHOULD BE USED IN WRITING SOFTWARE IN ORDER TO 
KEEP SYSTEM THROUGHPUT HIGH BY AVOIDING fHROUGHPUT DELAYS 
CAUSED BY UNNECESSARY AMD MISLEADING ERROR CONDITIONS, 

tEND OF CHSSOi.SPCJ 
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SfAfUSi fHlS SPEC IS THE SAME AS fHE SUPERSEOEC ONE, A 

BRIEF SPEC REVIEW Wlhh BE mW ON FROM TO . TWIS SPEC DOES 

NOf IMCLUOE ANY PARITY ADDITIONS, If MIU* BE REVISED AND 
REVIEWED AT THAT TIME AI^SO, 

riLEs lErsicHssoa.sPC 

PDM # 200-200«004»00 
DATES 26 FEB 74 

SUPERSEDED SPECS! "E" BOS SPlCIFICATIOiM, ?, KD, J 7 APRIl. 
73 

ENGINEERS V, KU 

APPROfEDf 

EDITOR! T, HASTINGS 

TIPISTI M, PROUTY 

REVIEWED? 

ABSfftACT 

THE EBUS IS USED TO COMNECf A|,l, Kl,10 CONTROI<I,ERS, IN 
PABA1,I.H,, WITH ONE END Af THE EBOX, A MAXIMUM OF THIRTEEN 
KUO CONfROI^liERS ARE IMPI^EMSNTEOs UP TO 4 lO/Il INTERFACES 
(DTE20J, UP TO MASSBWS CONTROLI.ERS CRH20), AND i j/O BUS 
INTERFACE COIA20), 

REVISION HISfORY 

REV DBSCRlPf ION CHG NO ORIG DATE APPD iY DATE 
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1, IKfRQDUCfXON 

THE EBUS IS mm TO CONNECT AI^I^ KhiQ CONTROI^fcERS, IM 
PmkhhBh, WITH ONE END AT THE EBOX, A MAXIMUM OF TlilRTElN 
KIilO COOTROWERS ARE IMPl,EMENTEOj UP fO FOUR "10/11 
INTERFACES" CDTE20)(2 HEX* BOARDS EACH), WP TO 8 "MASSBIIS 
CdNTROI,I,EES" CRH20JC3 HEX-8OAR0S EACH) AND 1 «I/0 BUS 
INTERFACE" (3 HEX^BOARDS), 



2, FUNCTION OF THE KijlO COSTROl^MRS 

2.1 10/11 INliRFACE C0TE20) 

10/11 INTERFACE IS A LINK BETWEEN THE Kh%Q PROCESSOR AND A 
P0P<pll SYSTEM, 

2.2 MASSIUS eONTROliiCR C1H20) 

EACH MASSBUS CONTRQLI,ER CAN CONTROl.# IN SERIAl,, Up TO EIGHT 
DEVICES (FIXEO-HEAO OlSKS, MOVING HEAD DISKS, DRUMS, ANI> 
MAGTAPE DRIVES) PROVIDED THAT EACH DEVICE MEETS THE "MASSBUS 
INTERFACE STANDARD", 

2.3 I/O BUS INTERFACE (DIA20) 

I/O BUS INTERFACE IS USED Bt THE KI^IO PROCESSOR TO 
COMMUNICATE WITH AIil» KAlO/KllO PERIfHERAl* CONTROlifcERS CTMIO, 
RPIO, ETC.) AND DEVICES CTU4a, ETC,), KAlO/KIlO I/O CONTROL 
AND VOI^TASE LEVEI^ CONVERSIONS ARE ITS MAIN FUNCTION, 



3, KWO CONTROl^liER'S PHmiCAI, NUMBER AND OEVICi CODE 

3.1 PHlfSICAI. NUMBER 

THE BACK PANE!, WII,!, BE HARD*»IRED IN SUCH A MAI THAT EACH 
CONTROI/LER'S OCT AI.PHXSICAL NUMBER (0 THROUGH 7 FOR THE 
MASSBUS CONTROIifiBRS, 10 THROUGH 13 FOR THE 10/11 iNTERFACfiS 
AND 14 FOR THE I/O BUS INTERFACE IS MODULE SLOT OBPSNDEMT, 
THE FOUR 10/11 INTERFACES ARE iNTeRCHANGEABLE AND THE 8 
MASSBUS CONTROLLERS ARE INTERCHANGEABLE, 

3.2 DEVICE CODE 

EACH KLIO CONTROLLER (EXCEPT THE I/O BUS INTERFACE) WILL BE 
ASSIGNED A DEVICE CODE EXACTLlf THE SAME WA^ ALL KAlO/KI 10 
CONTROLLER'S DEVICE CODES WERE ASSIGNED, THE DEVICE CODES 
WILL 86 HARD^WIRED IN ON THE BACK PANEL, SEE CMAPTER 2,U# 
DEVICE CODE AND OPCODE ASSIGNMENT, 
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4, mm SIGNALS 

FIG, 1 SHOWS THE EBUS SIGHAl, DIAGRAM, A tQthh OF 60 
SiaWAJbS ARE USED, 



5, EBWS OPERATIONS 

hhh SIGNAL oESKiwiMG mm ae done lu the .esox. to nwintZE 

LOaiC GATES, 

1,1 OUTPlif CDATAO, CONO) OPERATION - SEE FIG, 2 FQR TIWIflG 
mrORMATIONS 

THE IBOX PLACES A ©EVlCE CODE OS "CONTROLLER SELiCf, OUTPUT 
DATA ON »OAfA»# ENCODE© OAtAO OR CONO ON "FUNCTION", WAITS 
AT LEAST 200 NS AMD ASSERTS "DEMAND", 

EACH lO/U IMTERFACE AMD MASSBUS CONTROLLER, ON DETECTING 
THE LEADING EDGE OF "DEMAND", COMPARES «COMf ROLLER SELECf 
WITH ITS HARO»WIREO DEVICE CODE, IF A TRUE COMPARISON 
RESULTS, THE CONTROLLER ASSERTS "ACKNOMLEOafi" WITHIN 150 NS, 
THE SELECTED CONTROLLER, AT THE SAME TIME, DECODES 
»f ONCTION" TO BE DATAO LINES INTO THE APPROPRIATED REGISTER, 

SINCE THE KAIO KHO ADAPTER DOES NOT HAVE A DEVICE CODE Of 
ITS OWN AND DOES NOT KNOiS THE DEVICE COOES OF THE KAIO/KHO 
CONTROLLERS CRPIO, ETC.) ATTACHED TO If, IT DOES NOT PERFORM 
THE DEVICE CODE COMPARISON, THE I/O gUS INTERFACE WILLS 

S,l,l SIMULATE THE KAJO/KIIO I/O BUS TIMING AND CONTROL 
SIGNALS ir AFTER 250 NS AFTER DETECTING THE LEADING 
EDGE OF DEMAND, NO "ACICNOWLEDGE* SIGNAL IS GENERATED 
BY AN¥ JO/U INTERFACE OR «ASSBUS CONTROLLER, 
"TRANSFER" WILL BE GENERATED Bl THE I/O BUS 
INTERFACE WHEN THE EBUS COMMAND IS DONE, NO 
"ACKNOWLEDGE" SIGNAL IS GENERATED, 

5,t.2 REMAIN IDLE IF AN "ACKNOWLEDGE" IS DETECTED l(fITH 250 
NS AFTER THE LEADING EDGE OF "DEMAND" IS DETECTED IN 
THE I/O BUS INTERFACi, 

THE EBOX V»ILL RESET "DEMAND" WHEN ONE OF THE FOLLOWINa 
CONDITIONS OCCURS? 

5.4.3 A "TRANSFER" SIGNAL IS RECEIVED WITHIN 6 USEC AFTER 
"DEMAND" IS ASSERTED, 

THIS IS A NORMAL CONOITIOM, 

5.1.4 NO "TRANSFER" SIGNAL IS RECEIVED WITHIN 6 USEC AfTER 
"DEMAND" IS ASSERTED, THIS IMPLIES THAT THE OeVICi 
CODE IS NOT RECOGNlZiD Bif A KHO CONTROLLER AND NO 
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I/O BUS INTERrACE EXISfS. fHIS XS AN ERROR 
CONDI f ION, 

THE IBOX SHALI, NOl CHAMGE THE "CONf ROl,l,«R SEl^gCT% 
»0ATA» AND wpUNCTIOM" fcllJES FOR AT tEAST 150 NS 
AFTER RESETTINa "DEMAND", 

THE TRAHjIHG edge OF "OEMANO" Mlhh CAUSE "TRANSFER" 
(IF ANY) AND "ACKNOWMOaE" (IF ANY) TO RESET, 

5.2 INPUT (OATAI, COMI) OPERATION • SEE FIG. 3 FOR TIMING 
INFORMATION, 

THE EfiOX PIiACES A DEVICE CODE ON »CONfROIil<SR SSIiECT", 
ENCODED DATAI OR CONI ON "FUNCTION", WAITS AT IiEAST 200 NS 
AND ASSERTS "DEMAND", 

EACH JO/U INTERFACE AND MASSBUS CONTROi:.I,ER PERFORMS THE 
DEVICE CODE COMPARISON^ "FUNCTION DECODING AND ASSERTS 
»ACKNOWI,BDGE» AS IN 5,1, THE SBIECTEO CONfROI.l,ER Wthh 
ASSERT "TRANSFER" AT THE SAME TIME IT PUTS THE INPUT DATA ON 
"DATA", 

THE KAIO/KIIO ADAPTER DDES MOT DO THE DEVICE CODS COMPARISON 
BUT DOES DECODE THE "FUNCTION" TO BE DAI AI OR CONI, AFTER 
250 NS, ir NO "ACKNOWLEDGE" SIGNAIi IS DETECTED, THE I/O BUS 
INTERFACE WII»Ii SIMUl,ATE THE KAIO/KIlO BUS OPERATION, PUTS 
DATA (SUPPI.IEO m THE SEI.ECTED KAlO/KIiO CONTROi*l.eR) ON 
"DATA" liINES AND ASSERTS "fRANSFER", 

THE EBOX STROiES "DATA" AND RESETS "DEMAND", 250 NS (NEEDED 
TO DESKiW THE "DATA" lilNES) AFTER THE IiEADING IDGE OF 
"TRANSFER" IS DETECTED PROVIDED THAT "TRANSFER" IS DETECTED 
WITHIN « USEC AFTER "DEMAND" IS SENT, THE EBOX «II*i, RESET 
"DEMAND" IF NO "TRANSFER" IS DETECTED WITHIN 6 USEC AFTER 
ASSERTING "DEMAND", THE EBOX SHAt,L NOT CHANGE THE 
"COMTROI^liER SELECT" AND "FUNCTION" fclNES FOR AT l,EAST ISO NS 
AFTER RESETTING "DEMAND", THE ASSENCE Of "DEMAND" CAUSES 
"ACKNOWLEDGE" (IF ANY), "TRANSFER" (IP ANX) AND "DATA" TO 
RESET, . 

5.3 INTERRUPT OPERATION 

PART OF THE STATUS INFORMATION SENT FROM THE EBOX TO A 
CONTROI^IiBR IS A 3-BIT INTERRUPT CHANNEl, NUMBER, WHEN THE 
CONDITIONS FOR INITIATING AN INTERRUPT REQUEST ARE MET IN A 
CONTROWiER, THE CQNTROI.LER WIlili APPLY A SIGNAL TO ONE OF THE 
SEVEN "PRIORITY INTERRUPT" LINES, THE EBOX DETECTS THE 
PRIORITY INTERRUPT AND RESOLVES THE INTERRUPT PRIORITY, 
WHEN THE EBOX IS READY TO SERVE ONE OF THE SEVEN INTERRUPT 
RiOUESTS, IT PUTS THE INTERRUPT CHANNEL NUMBER, IM BINARY, 
ON THE LOW ORDER THREE BITS OF "CONTROLLER SELECT" (E,G, 
CS04, CS05, CS06 s UO FOR PRIORITY CHANNEL 63 ENCODED "PI 
SERVED" ON THE "FUNCTION" LINES, WAIT 200 USEC, AND ASSERT 
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"DEMAND", 

iVERt CONfROtiliER ( INCLUDING THE I/O BUS INlERrACR)* UPON 
DETECTINO THE LBADING EDGE OF "OEMAJID", DECODES TUNCTION" 
TO BE "PI SERVED", COMPARES THE l,OW ORDER THREE BITS OF 
"CONTROl.J.ER SEIiECT" WITH THE CHANNEI* ON WHICH IT IS 
INTERRUPTING. IF A TRUE COMPARISON RESULTS (ONE OR MORE 
CONTROI*LERS MAY HAVE TRUE COMPARISON) r THE CMTROI^I^ER Wllili 
PUT A "l« BIT ON THE "DATA" I,INE ACCORDING TO ITS PHysICAl/ 
C0NTR0I*3UER #, CONTROl,LER AND CONTROI»I.eR 15 CFHySICAL #0 
AND ilS) Wll,!, PUT A •♦t" BIT ON BITS AND IS Of THE "DATA" 
1,IN£S, ETC, NO "ACKNOWl^EOaE" Or^TRANSFER" IS ASSERTED 1¥ 
ANY CONTROl,l.ER, 

THE EBOX, AFTER ASSERTING '«DEMAND«, WAITS AT liEAST 400 NS, 
STROBES THE "DATA" l*INBS AND RESETS «DgMAND«, THE"© ATA » 
mhh REMAIN VALID UNTII, "DEMAND" RESETS. THE EBOX SHALL NOT 
CHANGE THE "CONTROLLER SELECT" AND "FUNCTION" LINES FOR ISO 
NS AFTER RESETTING "DEMAND", 

THE EBOX, AFTER DETERMINING MHlCH PHYSICAL CONTROLLER'S 
INTERRUPT REQUEST IT WANTS TO SERVE, PUTS THE INTERRUPT 
CHANNEL NUMBER, IN BINARY, ON THE LOW ORDER THREE BITS OF 
"CONTROLLER SELECT", THE CONTROLLER'S PHYSICAL NUMBERw IN 
BIMARX, ON THE NEXT FOUR BITS OF "CONTROLLER SELECT" (CSOO, 
CiOl, CS02, CS03 » lOiO FOR PHYSICAL CONfROLLER 10 ETC.) 
ENCODED "PI ADDRESS IN" ON "FUNCTION" LINES, WAITS 200 NS, 
AHO ASSERTS "DEMAND", 

EVERY CONTROLLER (IHGLUDING THE KIIO/ICAIO ADAPTER) DECODES 
"FUNCTION" TO BE "PI ADDRESS IN", COMPARES THE INTERRUPT 
CHANNEL NUMBER AND PHYSICAL NUMBER WITH ITS OWN, IF TRUE 
COMPARISON RESULTS (ONLY ONE CONTROLLER WILL HAVE TRUE 
COMPARISON), THE CONTROLLER ASSERTS "ACKNOWLEDGE" WITHIN 150 
NS, 

IF THE CONTROLLER IS A 10/ I J INTERFACE OR A MASSiUg 
CONTROLLER IT PLACES THE INTERRUPT FUNCTION, THE INDEX (IF 
km) AND THE INTERRUPT ADDRESS ON "DATA" AND ASSERTS 
"TRANSFER" (SEE FIG, . S), 

IF THE CONTROLLER IS A I/O BUS INTERFACE IT SIMULATES THE 
KAIO/ KIIO I/O BUS INTERRUPT SEQUENCE AND PLACES THE 
INTERRUPT FUNCTION, THE INDEX (IF ANY), AND THE INTERRUPT 
ADDRESS (IF ANY) ON "DATA" AND ASSERTS "TRANSFER" AT THE END 
OF THE INTERRUPT SEQUENCE (SEE FIG, 5), 

THE EiOX STROBES "DATA" AND RESETS "DEMAND"! 

5.3.1 6 USEC AFTER "DEMAND" IS ASSERTED IF NO "TRANSFER" 
IS DETECTED, THE EBOX SHOULD NOTE THAT THIS IS AN 
ERROR CONDITION, 

5.3.2 250 m AFTER "TRANSFER" IS DETECTED PROVIOEO 
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"TRANSFER" IS 0ETECTEO WITHIN & OSEC AFTER "DEMAND*' 
IS ASSERTED, THIS IS THE NORMAli CONDITION, 

S,4 READ IN OPERATION 

THIS OPERATION IS NOT PERrORMED BY EITHER THE 10/11 
INTERFACES OR THE MASSBUS CONTROLLER, THE I/O BUS INTERFACE 
Wll^l, SIMUWTE THE KAIO/KIIO I/O BOS READ I» OPERATION WHEN 
"READ IN" IS OECOBED, THE I/O tUS INTERFACE lilUl. ASSERT 
"TRANSFER" WHEN THE OPERATION IS DONE. 

5 #5 "READ IN PATA" AND »D«UM SPI.I1« 

SIGNALS "READ IN DATA" AND »0R0M SPLIT" ARE PASSED FROM THE 
KAIO/KIIO CQNTROLI.ER THROUaH THE I/O itfS INTERFACE TO THE 
EBOX AND SERVE THE SAME FUNCTIONS AS IN THE KAiO/KIlO 
StSTEMS. NEITHER THE 10/11 INTERFACE NOR THE MASSBUS 
CONTROLLER USE THESE SIGNALS, 

5.6 SXN CLOCK THE »S¥K CLOCK" IS AN 8 MHZ TIMING TRAIN USED 
BY SOME CONTROLLER TO PERFORM LOGICAL FUNCTIONS AND IS ALSO 
USED BY THE MASS8US CONTROLLER TO SYWCHRON I 2E DATA TRANSFER 
WITH THE MBOX, 

5.7 RESET 

THIS SIGNAL IS USED B¥ EACH CONTROLLER TO CLEAR ITS CONTROL 
LOGIC TO THE INITIAl* STATE, 



6,0 ELECTRICAL SPECIFICATJOII 

TRANSCEIVER 8838 (DEC/911117) IS USED TO DRIVE AND RECEIVE 
THE »US, REFER TO MEMO "WIRImG RULES FOR M&E WS AND CLOCK 
DlSTRliUTION« (SULTAN ZIA, FEB, 1, 1973), 
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TOS KlilO hlSf, J, PARSLOW (200 FlhE} 
flTLEl EBOX/MBOX IKTERFACE 

Sf AfUSi fHIS CHApfER CONf AINS THE CHANGES J» SIGNALS REQWIREP 
BY ADDING PARITY, tHE RARITY IS NOT IN THE BHEAOBOARD 
MACHINE AND m.hh NOT 8E ECOE0 TO IT, 

FILEf tEFSJCMSS04,SPC 

POM #; 200*200»014«00 

DATE! 27 MARCH 74 

SUPERSEDED MEMOSi EBOX/MBOX INTERFACE* F, GUGLIELMI, 3 OCT 73 

SUPERSEDED SPECS? 

ENGIKEERJ P, . GUGLIELMI 

APPRO¥EDS 

EDITOR? T. HASTINGS 

TYPIST J M, PROUTY 

REVIEWED.? 

ABSTRACT 

THIS CHAPTER DESCRIBES Khh OF THE SIGNALS iHlCH PASS BETWEEM 
THE EBOX AND THE MBOX, A SHORT DESCRIPTION OF EACH SIGNAL IS 
GIVEN ALONG WITH TIMING AND LOADING INFORMATION, 

REVISION HISTORY 

REV DESCRIPTION CHG »0 ORIS DATE APPO SY DATE 
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I, ISTRODUCflON 

THE F0l*l,OWING MEMOEANOUM COMTAIMS A LIST OF Al*Ii tHg CURRENTI<¥ 

DEFINED SIGNAIiS WHICH GO BEfWEEN THE EBQX AND M§OX. A SHORT 

WRITEWP ACCOMPANIES EACH SIGNAIi ALONG WITH TIMING AMD WADING 
INFORMATION, 

THIS LIST or SIGNALS IS NOT COMPLETE BECAUSE IT DOES NOT 

DESCRIiE THE HANDLING OF PAGE FAILS NXM, AND FARITX ERRORS, 

THIS INFORMATION WILL BE ADDED WHEN THE LOGIC IS DESIGNED, 



2, TIMING or EiOX REQUESTS TO M80X 

EBOX REaUESfS TO THE MiOX ARE INITIATED BX THE EfiOX ASSERTING 
»EBOX REG IN» DURING THE CLOCK PERIOD SErORE THE REQUEST IS TO 
BE MADE. THIS CAUSES THE "EBOX REQUEST FLIP-FLOP" IN THE MSOX 
TO BECOME TRUE ON THE NEXT CLOCK TICK (SEE FIGURE lA), ON THE 
TICK FOLLOWING THE SETTING OF THE «E80XREQ FLIP-FLOP" THE VMA 
AND ALL CONTROL SIGNALS GOING FROM EBOX TO MBOX MUST Bg VALID, 
(EXACT TIMING IS SPECIFIED IN THE TABLES WHICH SHOW SIGNAL 
LOADING,) THESE SIGNALS MUST REMAIN TRUE UNTIL THE CURRENT MBOX 
REQUEST HAS EITHER BEEN PROCESSED TO COMPLEtlON OR ABORTED* 

DURING THE SECOND CLOCK PERIOD, DURING WHICH THE VMA IS VALID# 
THE CURRENT EBOX REQUEST FOR AN MBOX CIGLi CAN BE ABORTED IF 
THE EBOX SENDS "EfiOX AC REF" TO THE MBOX (SEE FIGURE IC), If 
THIS SIGNAL IS SENT THEN THg EBOX SHOULD REMOVE "EBOX RE« IN" 
At THE SAME TIME SO THAT THE MBOX WILL NOT FALSELY START A 
CICLE ON A SUBSEQUENT CLOCK TICK, 

IF THE REQUEST IS FOR A WRITE CYCLE OR AN SBUS DIAGNOSTIC^ 
CYCLE, THEN THE ^AR" REGISTER MUST BE LOADE0 WITH THE WRIT& 
DATA MO LATER THAN THREE CLOCK TICKS AFTER "EBOX Ria» BECAME 
TRUE, 

WHEN THE MBOX STARTS TO PROCESS THE CURRENT EBOX REQUEST, IT 
SENDS »MBOX ACK» TO THE EBOX, THIS SIGNAL TELLS THE EBOX TO 
TAKE AWAY ITS REQUEST (SEE FIGURE 1 A), THIS CAN OCCUR ON THE 
SAME CLOCK TICK ON WHICH THE VMA IS LOADED IF THE MBOX HAS NO 
HIGHER PRIORITY REQUiSTS TO PROCESS WHEN THE EBOX MAKES ITS 
REQUEST, IF "EBOX AC REF" IS SENT TO THE MBOX BEFORE THE END 
OF THE SECOND CLOCK PERIOD THEN THE CURRENT CYCLE I^ILL BE 
ABORTED WITH NO FURTHER RESPONSES FROM THE MBOX, IF THE MBOX 
IS BUSY WHEN THE VMA IS LOADED THEN A NUMBER OF CLOCK TICKS MAY 
PASS BEFORE "MBOX ACK" IS SENT TO THE EBOX, NOTE THAT »MBOX 
ACK" WILL NOT BE SENT IF THE MBOX IS BUSY WHEN "EBOX AC REF" IS 
ASSERTED (SEE FIGURE lA), 

AFTER "MBOX ACK" IS SENT ONE OR MORE CLOCK TICKS MAY ELAPSE 
BEFORE THE MBOX. COMPLETES PROCESSING OF THE REQUEST. THE MBOX 
NOTIFIES THE EBOX THAT IT HAS FINISHED PROCESSING THE RfOOEST 
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iX ASSERTING »MBOX RESP", THIS SIGNAli STAS ASSERTED UNTIl, THE 
MBOX SEES "EiOX S¥MC«rROM THE EB0X, IFANX DATA WAS TO BE 
SENT TO THE AR# ARX, OR IR B% THE RESUESTEO CYCI.E THEN IT Wlhh 
BE TRUE ON THE CACHE 0ATA LINES WHlliE "MBDX RESi^" IS ASSERTED, 
IF THE DATA WAS TO GO TO THE EBPS REGISTER THEN THE DATA WIi.L 
BE hOAmP INTO THE REGISTER BY THE SAME CLOCK TICK THAT CAUSES 
"MBQX RESP" TO BE ASSERTED, THE "AND" OR »MBOX RESP» AND "EBOX 
StNC* WILL CAUSE "MBOX RESP** TO BE CLEARED. THE EBOX CtCLE 
T¥PE SIGNALS HAV ALSO BE CHANGED AT THIS TIME. 

NOTE THAT CERTAIN OF THE CfCLE TYPE SIGNALS MUST BE VALID AT OR 
BEFORE THE SAME CLOCK TICK THAT THE "EBOX REQ FL1P*FL0P»» 
BECOMES TURE AND MUST STAT VALID UNTIL THE MiOX PROCESSING IS 
COMPLETE, THIS MEANS THAT RgaUiSTS THAT ARE GOING fOCHAGE 
THESE SIGNALS CANNOT FOLLOW IMMEDIATELY BEHIND EACH OTHER 
WITHOUT TIMING PROBLEMS, THE SIGNALS IN GUESTlON ARE«EBOX 
ERA", AND «EBOX CCA», 



3, COMMON EBOX/MiOX SIGNALS 

3.1 EBOX RBO IN 

SIGNAL WHICH THE EBOX RAISES TO REQWEST A» MBOX CYCLE. THIS IS 
THE ONLY SIGNAL WHICH WILL CASE THE MBOX TO DO ANYTHING FOR THE 
EBOX, THIS SIGNAL IS THE 1NP«T TO A FLIP-FLOP WHICH HOLDS THE 
EBOX REQUEST, THE VMA AND ALMOST ALL OF THE SIGNALS LISTED 
BELOW MUST BECOME VALID ONE CLOCK TICK AFTER THE FLIF^FLOP 
WHICH HOLDS EBOX REQ BECOMES TRUE, "EBOX REQ IN" MUST BECOME 
FALSE DURING THE CLOCK PERIOD IN WHICH "MBOX ACK" IS TRUE If 
THE EiOX DOES NOT HAVE A SECOND MBOX REQUEST CAMPING AT THE 
GATES, "EBOX REQ IN" SHOULD BE TAKEN AWAY IF THE EBOX DECIDES 
THAT IT HAS MADE A REQUEST FOR A WORD OF DATA WHICH IS IN ITS 
ACS, 

3.2 EBOX AC REF 

SIGNAL WHICH EBOX SENDS TO MBOX TO flLL THE MBOX fO ABORT THE 
CURRENT CYCLE BECAUSE THE EBOX HAS LOOKED AT THE VMA AMD 
DECIDED THAT THE REQUESTED DATA IS HELD IN ITS ACS. "EBOX AC 
REF" MUST BE SENT DURING THE "EBOX REQ 42« CLOCK, »EBOX REQ 
IN« SHOULD BE MADE FALSE WHENEVER "EBOX AC REF" IS ASSERTED, 

3.3 MBOX ACK 

SIGNAL WHICH MBOX SENDS TO EBOX TO TELL THE EBOX TO TAKE AWAY 
ITS CURRENT REQUEST BECAUSE THE MBOX HAS STARTED PROCESSING IT, 
"MBOX ACK" 15 ASSERTED FOR ONLY ONE CLOCK TICK, EBOX MUST TAKE 
AWAY ONLY THE "EBOX REQ IN» SIGNAL AND NOT CHANGE ANY OF THE 
OTHER EBOX TO MBOX SIGNALS UNTIL "MBOX RESP" IS ASSERTED, 

3.4 PAGE FAIL HOLD 
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SENT FROM M0O3C TO ESOX TWO Cl#OCK TICKS BEFORE "MBOX RESP" TO 
TELL EBOX THAT THE MfiOX DETECTED A PAGE fAILURE ON THE CURRENT 
EBOX REQUEST, 

3.5 MBOX RBSP 

SENT FROM MBOX TO EBOX TO NOTIFI THE EBOX THAT THE MBOX HAS 
COMPLETED PROCESSING OF THE CURRENT REQUEST, If AN^ DATA IS fO 
BE SENT FROM THE MBOX TO THE EBOX IT WILL BE VALID ON THE CACHE 
DATA LINES WHILE »MBOX RESP» IS TRUE, PAGE FAIL, MAP, AND 
REGISTER READ DATA «ILL BE LOADED INTO THE "EBUS REQ" IN THE 
MBOX ON THE SAME CLOCK TICK THAT »MBOX BECOMES TRtlE, 

3.6 EBOX READ EBUX REG 

DC LOaiC LEVEL WHICH ENABLES DATA IN THE »EBUS REG" IN THE MBOX 
ONTO THE EBOS, THE "EBUS REG« WILL HOLD PAGE FAIL, MAP, AND 
REGISTER READ DATA FROM THE MBOX, 



4, iiOX MEMORY REFERENCES 

THE .EBOX CAN REQUEST FIVE TXPES OF MEMORY- ■ REFlRgNCE CYCLES; 
USING THREE CONTROL LINES, THEl ARE I 

1, READ - READ A WORD FROM MEMORlf, 

READ CftECK THE PAGING 

2, WRITE • WRITE THE WORD IN THE "AR" REGISTER INTO 

MEMORY, 

WRITE CHECK THE PAGING, 

3, REAO-WRITE • READ A WORD FROM MEMORY AND READ/WRITE 

CHECK 

THE PAGING, 

4, REAO-PAUSE-WRITE • 00 THE READ PART OF A READ PAUSE 

WRITE 

CYCLE INCLUDING READ/WRITE CHECKING 

THE PAGING, 

5, PAOSE-WRlfE * WRITE CHECK THE PAGING FOR THE ADDRESS IN 

THE 
VMA. 

THE CYCLE TYPE IS SPECIFIED BY ASSERTING "EiOX READ, EBOX 
WRITE, OR EiOX PAUSE* TO REQUEST THE APPROPRIATE TYPE OF CYCLE, 

NOTEI EBOX WRITE CORRESPONDS TO THE KHO "PAGE WRITING" 
SIGNAL, 
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S, PAGINS + CACHE QUALIFIERS 

5.1 EBOX SEC 

If FALSE USE KIIO STyi,E f'AGlNG, If fRUE USE SECTION MODE 
PAGING, 

5.2 Oik CACHE liOA0 m 

USE fHE CACHE FOR fHIS REFERENCE, WHEN FALSE A REFERENCE WIJLL 
MEVER CAUSE DAf A f G£? LOAOlD INTO THE CACHE FROM CORE, 
HOWEVER, IF THE DATA REQUESTED OK A READ IS FOMD IN THE CACHE 
IT WILL BE TAKEN FROM THE CACHE OK WRITES, IF THE DESIRED 
LOCATION IS IN THE CACHE THEN THE DATA WILL IE WRITTEN INTO T«E 
CACHE, 

5.3 EBOX PAGED 

IF TRUE, MAP THIS REFERENCE ¥IA THE PAGING, IF FALSE THIS IS 
AN ABSOLUTE CORE REFERENCE, 

5.4 E0OX USER 

IF TRUE, THIS IS A USER ADDRESS SPACE REFERENCE, IF FALSE, 
THIS IS AN EXEC ADDRESS SPACE REFERENCE, 

5.5 DIA CACHE LOOK EN 

IF TRUE CHECK THE CACHE TO SEE IF IT HAS THE DATA, IF FALSE, 
DO NOT CHECK THE CACHE, CNOTE+ IF DIA CACHE LOAD EN IS ALSO 
FALSE ALL REFERENCES GO DIRECTLf TO CORE,) 

5.6 EBOXEPT 

IF TRUE, THIS IS A REFERENCE TO THE EXEC PROCESS TABLE, THE 
MBOX WILL REPLACE BITS 13«2§ OF THE VMA WITH THE CONTENTS OF 
THE EXEC BASE REGISTER (EBR), 

5.7 EBOX UPT 

IF TRUE, THIS IS A REFERENCE TO THE USER PROCESS TABLE, BITS 
13*26 OF THE VMA WILL BE REPLACED 81 THE CONTENTS OF THE USER 
BASE REGISTER CUBR), 

5.8 PAGE UEBR REF 

IF TRUE, THIS IS AN EBOX REFERENCE TO ONE OF fHE PROCESS 
TABLES, 

5,5 XCT PROT BYPASS 

IF ASSERTED, THEN THE PAGING PROPRIETARY TEST IS BYPASSED, 

5,10 PAGE ILL ENTRY 
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IF ASSERTED, f HIS SlGNAl, FORCES A PAGE FAIL IN fHI MiOX, Sgt 
By fHE EBOX IF IT HAS JUST FCTCHED AM INSTRUCTiON FROM A 
PROPRIETARY AREA AND THE INSTRUCTION IS NOT A PARTAL 
INSTRUCTION OR THE EBOX HAS NOT DECIDED THAT TH£ INSTRUCTION IS 
A PORTAL INSTRUCTION lET. 

S,U PAGE TEST PRIVATE 

THIS IS A N0N»IN5TRUCTI0N PUlliIC MOPE E§OX REFERENCE, 

5, J 2 PAGE ADDRESS COKD 

ASSERTED WMEN THE ESOX DETECTS AN ADDRESS BREAK CONDITION, 

S,13 EBOX Pf WRITE 

WRITE PUl^SE FROM THE EBOX TO THE HARD«ARE PAGE TABliE DIRECTOR!, 
THIS SIGNAI. IS USED TO WRITE THE PAGE TABtE CLEAR, THE EBOX 
DOES THIS B5f COUNTING AN ADDRESS IN VMA BITS 18»23 AND 
GENERATING THIS SIGNAL FOR AT LEAST ONE CLOCK TICK FOR EACH 
VALUE OF ADDRESS, THIS WILL CAUSE THE VALID BIT IN THE PAGE 
TABLE DIRECTORY TO BE I^RITTEN CLEAR, NO DISTINCTION IS MADE 
BETWEEN EXEC AND USER ENTRIES IN THE HARDWARE PAGE TABLE WHEN 
CLEARING IT, 

NOTEJ "•EBOX PAGED" CORRESPONDS TO THE KllO "VMA EXEC UNPAGED" 
SIGNAL, 

NOTE I "PAGE ILL ENTRX" MUST BE ASSERTED WHEN "PAGE ADDRESS 
COND" IS ASSERTED, 

5,i4 EBOX MAP 

CAUSES THE MBOX TO MAP THE VIRTUAL ADDRESS IN THE ?MA INTO A 
PHYSICAL ADDRESS, THE MAPPED ADDRESS IS PLACED IN THE VMA 
ALONG WITH THE MAP BITS SPECIFIED IN THE PDPIO SYSTEM REFERENCE 
MANUAL, TO REQUEST A MAP CYCLE, THE EBOX MUST ASSERT EBOX MAP 
AND EBOX READ REG, THE FOLLOWING OUALIFIgRS ARE POSSIBLE FOR A 
MAP CYCLE $ 

QUALIFYING SIGNALS COMMENTS 

EBOX PAGED 

EiOX SEC 

EBOX USER 

XCT PROT BYPASS 

PAGE TEST PRIVATE 

PAGE ADDRESS CONT, 
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EiOX WRIfE (TO CHECK PAGING) 

EBOX AC KEF (IF ASSERTED MiOX yilhh ABORf 

MAP REF) 

EBOX READ (MUST BE FALSE OR WON'T PAGE 

FAIJL ON A WRITE PROTECTION 
VIOMTIOM) 

MUST AW< BE CORRECfliY ASSERTED, MAR 0ATA IS READ BACK IN T«E 
SAME WAX AS FOR THE '•gBOX READ REG" OPERATION, 

MAP Willi EITHER PERFORM THE BEAD REGISTER FUNCflOS SUCCESSFUil,! 
IRCI.UP1NG DOING A PAGE REFIl^I* IF NECESSARl, OR IT WILfc PftGE 
FAIl, IF AM ESOX WRITE ¥QUhD HAVE RESULTED tU A PAGE FA 1 1,, 

IN AMI CASSB, THE MBOX WILL, LOAD THE ElUS REGISTER WITH THE 
DATA SHOWN BEt*Ot/*l 

EBOX USER 

l-i PAGE FAH, COPE OR MAP DATA 

9»I3 UNUSED •RESERVED FOR FUTURE HARDWARE 

J4-26 PHYStCAl. ADDRESS REFERENCED 

IF SIT 1 a THEN MAP DID NOT PAGE FAIL, 

ilT 2 * PT ACCESS 

BIT 3 » Pf WRITABLE 

BIT 4 « PT SOFTWARE 

BIT S «f WRITE REFERENCE 

BIT 6 « PT PUBLIC 

BIT 7 s PT CACHE 

BIT 8 S! PT MATCH 

IF BIT I « 1 THEN A PAGE FAIL CODE 2X WILL BE RETURNED IN BITS 
2 THRU 5, BITS 6 -•' 7 ♦ S COMTAIN GARBAGE, 

PF CODES 

20 HOT USED ON KL20 (KHO SMALL USER} 

21 PROPRIETARt VIOLATIOM 

22 PAGE REFILL FAILURE (PAGING HARDWARE FAILURE 
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23 ADDRESS FAILURE 

24 SECTION f ABLE REril,!, ACCESS FAILURE 

25 PAGE TABI,E ENTR¥ BAD (NEW PARITY) 



6, REaiSTER REFERENCES 

fHIS GROUP OF SIGMAI.S IS USED TO READ AND WRITE CERTAIN MBOX 
REGISlfRS, SIGNALS METIONEO VNOER '»EBOX MEMORY REFERENCES" AND 
"PAGING t CACHE QUAMFIER" SECTIONS MUST NOT BE ASSERTED WHEN 
READING OR WRITING REGISTERS. 

6.1 EBOX LOAD RIG 

WHEN TRUE CAUSES DATA IN VMA 14«26 TO BE WRITTEN INTO OMl OF 
THE REGISTERS SPECIFIED BELOW, 

6.2 EBOX READ REG 

mm TRUE CAUSES ONE OF THE REGISTERS SPECIFIED BELOW fO iE 
READ INTO THE EBUS REGISTER IN THE MBOX, THE EBOX CAN READ 
THIS REGISTER OVER THE EEUX Bf ASSERTING ^EBOX READ EBOS REG«» 
AFTER THE "EBOX READ REGISTER" OPERATION HAS BEEN COMPLETED 6? 
THE MBOX, 

6.3 EBOX UBR 

REFERENCE THE USER BASE REGISTER, 

6.4 EBOX EBR 

REFERENCE THE EXEC BASE REGISTER, 

6.5 EBOX ERA 

REFERENCE THE ERROR REGISTER (ERA), THIS REGISTER CAN ONLY BE 
READ, IT IS LOADED «HEN A MBMORIT ADDRESS PARITY ERROR IS 
DETECTED By A MKMORlf, OR WHEN A NXM OCCURS, OR WHEN A DATA 
PARlTlf ERROR IS DETECTED, BITS 34 AND 3S ARE THE SAME AS SBUS 

34 ♦ 3S ON THE SBUS, 

6.6 EBOX CCA 

REFERENCE THE CACHE CLlARgR, ON CACHE CLEARER LOADS VMA 14-26 
HOLD THE PHYSICAL PAGE NUMBER OF THE PAGE FOR WHICH THE CACHE 
SWEEP IS TO BE DONE, THE CACHE CLEARER STARTS AS SOON AS IT IS 
LOADED, 

6.7 EBOX CCA INVAL CSH 

TELLS THE CACHE CLEARER TO INVALIDATE ENTRIES IN THE CACHE FOR 
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THE SPEC iriEO PAGE, 

6.8 EBOX CCA VAI* CORE 

mhhS fHE CACHE CttEARER TO VALIDAfE CORE FROM THE CACHE FOR THE 
SPECIFIED PACE, 

6.9 EBOX CCA ONE PAGE 

IF TRUE, 00 THE ABOVE CCA OPERATIONS OUhY FOR THE SPECIFIEO 
PAGE, IF FALSE, DO THE ABOVE OPERATIONS FOR Ait PAGES IN THE 
CACME, 

6.10 EBOX m REFIliL RAM 

IF TRUE DURING AN EBOX READ REGISTER CXCI^E ONE 3»BIT WORD OF 
DATA FROM VMA 18*20 WII-L BE WRITTEN INTO THE CACHE REFIi.1^ 
AfcGORITHM BAM JN THE MCATION SPECIFIED B¥ BITS 27-33 OF THE 
VMA fSEE MEMO ON CACHE SWEEP INSTRUCTION), 

6.11 CCA RIQ I, 

TRUE AI.I. THE TIME THE CACHE CI^EARER IS RUIfHING, GOES FAliSB 
WHEN CACHE CLEARER HAS COMPLETED A CACHE SWEEP, 



7, SlUS DIAGNOSTIC* CYCLES 

7,1 EBQX/SBUS DIAG 

THIS FUNCTION ALLOWS THE EBOX TO SEND AND RECEIVE DIAGNOSTIC 
INFORMATION FROM THE MEMORIES ON THE S8US, TO USE THIS. 
FUNCTION THE EBOX FIRST LOADS THE DIAGNOSTIC INFORMATION IT 
WATS TO SEND TO THE MEMORIES INTO ITS AR REGISTER, 

THEN IT REaOESTS AN EBOX SBUS DIAGNOSTIC CYCLE Bf ASSERTING 
»EBOX SBUS DIAG« AND "EBOX «£«» AT THE CORRECT TIMES, 
APPROXIMATELY 720 MSEC AFTER "EBOX SBUS DIAG« IS ASSERTED, 
ASSUMING THE MBOX IS NOT BUSY, A MORD OF DIAGNOSTIC INFORMATION 
WILL BE SENT TO THE EBOX FROM THE MgOX OVER THE CACHE DATA 
LINES, SIMULTANEOUS WITH THE DATA ARRIVAL "MBOX RESP« WILL BE 
ASSERTED FOR ONE CLOCK TICK, THE EBOX MUST TAKE THE DATA 
DURING THIS CLOCK TICK, 



8, DATA AND ADDRESS SIGNALS 

8.1 AR 00 • 35 

DATA TO MBOX FROM EBOX (3i BITS) 

8.2 CACHE DATA 00-35 B 



1080,2040,2060 ENGINEfiRIHa FUMCIIONAI^ SPEC - CHftP PAGE 10 
EBOX/MBOX INTERFACE 

MBOX Phth TO AR, ARX (36 BITS) 

8.3 CACHE DATA 00-35 C 
MSOX DATA TO JR (36 BJTS) 

8.4 VMA 27-35 G 

AODRESS tilNES TO MBOX (9 BITS) 

5.5 VMA U»3S A 

REGISTER iOAO DATA OR AOORESS hUm TO MBOX (23 SITS) 

NOTES I, THE VMA ADDRESS LINES MUST BECOME TRUE OM THE CfcOCIC 
TICK AFTER "EBOX REQ" IS ASSERTED, 

2, DATA BEING SEMT TO THE MBOX ON CORE WRITE C3fCl*ES 
DOES NOT HAVE TO BE VAI,ID IN THE AR UNTIIi TWO CMCK 
TICKS AFTER THE VMA BECOMES VAliiO, 

9, ERROR SlGNAliS tiREADBOARD ONIitJ 

IN THE KI,I0 THE MfiOX DETICta ERRORS ASSOCIATED S^ITH MEMORY 

TRANSFERS AND NOTIFIES THE EiOX OF THE OCCURRENCE OF ANY OF 
THREE TXFES OF ERRORS! 

1. NON*EXISTENT*MEMORY (KX«) TIMEOUTS 

2, MEMORY DATA PARITI ERROR 
3* SBUS ERRORS 

9,1 NON-EXISTENT MEMORY ERRORS (NXM) 

NON-EXISTENT-MEMORY ERRORS OCCUR WHEN ONE OF THE MEMORIES WHICH 
HAS BEEN ADDRESSED DOES NOT RESPOND WITH AN SBWS ACKNOWIiEDGE 
PULSE TO INDICATE ITS PRESENCE WITHIN 32 MICROSECONDS AFTER THE 
MBOX INITIATED A REQUEST ON THE SBUS, THE MBOX DISTINGUISHES 
BETWEEN CHANNEL AND E80X INITIATED MEMORY CYCLES AND SENDS 
SEPARATE ERROR NOTIFICATIONS TO EACH ON NSMS, EBOX INITIATED 
MEMORY REFERENCES INCLUDE REFERENCES FOR PAGE REFILLS, CACHE 
WRITEBACKS, CACHE SWEEPS, EBOX READS, EBOX WRITES, AND EBOX 
READ-PAUSE-ilRITE REFERENCIS, 

WHEN AN NXK TIMEOUT OCCURS THE MBOX HOLDS THE ERROR ADDRESS 
REGISTER (ERA) WHICH HOLDS THE ADDRESS OF THE FIRST REQUESTED 
WORD FOR WHICH THE REFERENCE WAS MADE, THE ERA IS NORMALLY 
LOADED AT THE START OF A MEMORY RBFERECE, THIS IS NOT 
NECESSARILY THE ADDRESS OF THE WORD MMICH GOT THE NXM TIMEOUT 
BECAUSE ANY OF UP TO FOUR WORDS WITHIN A QUAD MQRD MAf HAVE 
CAUSED THE ERROR, THE ERA MAY BE READ BY THE EBOX WITH A 
REGISTER READ OPERATION, 
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ON READS THE MBOX SUPPI,IES FUhh WORDS OF ZEROS FOR fWE 
REQUESTED WORD WHICH GOT THE NXM ERROR AND AI.Ii SUBSEQWENT 
REQUESTED WORDS WIfHIK THAT illAD WORD, ON WRITES THE MBOX 
T«RO«S AWAY THE WORDS WHICH GOT THE NXM ERROR AND hl^U 
SUBSEQUENT REQUESTED WORDS WITHIN THE QUAD WORD, 

9,2 MEMORlf DATA PARITY ERRORS 



• 



THE PARITY OF khh DATA READ FROM MEMROY IS CHECKED BY THE MBOX 
SEPARATE ERROR SiaNAtS FOR BOTH THE E60X AMD CHASNEtS ARE 
PROVIDED SO THAT THE MBOX CAN NOTIFY EACH AS APPROPRIATE, THE 
MiOX XNITtATES MEMORY READS FOR THE EBOX IN ONfcY THREE CASES! 

1, EBOX READ REQUESTS 

2, EBOX READ*PAUSE»WRITE REQUESTS 

3, PAGE REFILL CYCLES 

IN ALL CASES WHEN A DATA PARITY ERROR IS DETECTED THE MBOX SETS 
"MBOX PAR ERR* TO NOTIFY THE EBOX OF THE OCCURRENCE OF THE 
ERROR AND HOLDS THE ERA WHICH HAS THE ADDRESS OF THE FIRST 
REQUESTED WORD OF THE QUAD WORD WITHIN WHICH THE ERROR 
OCCURRED, NO FURTHER ACTION IS TAKEN BY THE MBOX EXCEPf TO 
CLEAR ITS FLAG WHEN IT SEES «0IA PAR ERR" FROM THE EBOX, THE 
BAD DATA IS PASSED TO THE EBOX, STORED IN THE CACHE, OR STORED 
IN THE HARDWARE PAGE TABLE AS APPROPRIATE, 

9,3 SeUS ERRORS 

S6U5 ERRORS ARE ERRORS THAT ARE DETECTED SY THE MEMORIES, WHEN 
A MEMORY DETECTS AN ERROR IT SENDS "SBUS ERROR" fO THE MBOX, 
THE MBOX SETS »MBOX SlUS ERR" TO NOTIFY THE EBOX THAT IT HAS 
SEEN "SBUS ERROR" AND IT HOLDS THE ADDRESS THAT IS CURRENTLY IN 
THE ERA, THIS ADDRESS CANNOT BE GUARANTEED fO BE A VALID 
ADDRESS IN ALL CASES BECAUSE OF LATENCY PROiLEMS ASSOCIATED 
WITH "SBUS ERR" COMING FROM THE MEMORIES, THIS SITUATION WILL 
BE FIXED ON THE KLIQ PROTOTYPE, HOWiVER, EVEN THEN THE 
MEMORIES WILL HAVE TO INTERROGATE WITH SBUS DIAGNOSTIC 
FUNCTIONS TO DETERMINE WHAT TYPE OF ERROR WAS DETECTED BY THE 
MEMORY, THE ERA IS INTENDED TO ONLY BE VALID FOR S8US ADDRESS 
PARITY ERRORS, 

FOR ALL OF THE ERRORS DISCUSSED ABOVE THE CONTENTS Of THE ERA 
WILL BE HELD UNfiL ALL THE EBOX ERROR FLAGS CSBUS ERROR, PARITY 
ERROR, NXM) ARE CLEARED, THIS MEANS THAT THE SOFTWARE SHOULD 
READ THE ERA BEFORE IT CLEARS THESE FLAGS, 

TO ALLOW THE EBOX TO WRITE EVEN ADDRESS AND DATA PARITY, TWO 
SIGNALS WHICH THE EBOX MAY ASSERT BEFORE STARTING A MEMORY 
REFBRENCI ARE PROVIDED, THESE ARE "DIA WR EVEN ADR PAR* AND 
"DIA WR EVEN DATA PAR", WHEN ONE OR BOTH OF THESE IS ASSERTED 
AND IT IS AN EBOX INITIATED WRITE CYCLE (SEE DESCRIPTION OF 
NXM) EVEN ADDRESS OR DATA PARITY WILL BE SENT FROM THE MBOX TO 
THE MEMORIES, 



1080,2040,2060 ENGIMEERING rUNCTIONftl. SPEC 
EBOX/MBOX INTERFACE 



CMAP 



PAGE tZ 



MBOX NXM 



ERR 



MBOX PAR 



Em 



MBOX 
OIA 



SiUS 



NXM 






h 



ASSERfEC B¥ MBOX WHEN MXM TIMEOUT 

OCCURS 

lU THE PROCESSOR ON AN EBOX CAUSE© 

MEMORlf 

REFERENCE, AN NXM f IMEOUf OCCURS IF 

THE ■ ■ 

MBOX OOES NOT SEE hhh THE ''SBOS ACKN" 

PUtiSES FROM THE HEMORIEi WITHIN 32 SBC, 

ASSERTED Bf MBOX WMIN A OATA FARlTlf 

ERROR 

IS DETECTED IW THE MBOX ON DATA 

RECEIVE0 

AS A RESUliT or AN E80X I1ITIATE0 MEMORf 

REFERENCE, 

ASSERTED BY MBOX ANYTIME S8US ERROR IS 
SENT BY ONE OF THE MEMORIES, 

ASSERTEJ) BY EBOX TO NOTIFY MBOX T«AT 

THE 

EBOX HAS RECORDED THE FACT THAT THERE 

WAS A KXW TIMEOUT ON AN EBOX INITIATIO 

CORE RIFEBENCE, 

ASSERTED BY ESOX fO NOTIFY MBOX THAT 

THE 

EBOX HAS RECORO10 THE FACT THAT THERE 

WAS 

A DATA PARITY ERROR ON AN EBOX 

INITIATED 

CORE REFERENCE, 

ASSERTED BY EBOX TO NOTIFY MBOX THAT 

THE 

EBOX MAS RECORDED THE FACT THAT AN SBWS 

ERROR WAS DETECTED ON A CORE REFERENCI, 

ERROR MAY HAVE BEEN CAISBD BY A CHANNEt, 

OR EBOX INITIATED REFERENCE, 

DIA ANY EBOX ERR fhQ h ASSERTED BY THE EBOX TO NOTIFY THE MBOX 

THAT ONE OR MORE OF TMi EBOX MEMORY 
ERROR 

FLAGS IS SET, THIS SIGNAi, IS ASSERTiO 
ON THE SAME TICK THAT THE FIRST EBOX 
ERROR 

FiAG IS ASSERTED, AS I.ONG AS THIS 
SIGNAI. 

IS ASSERTED THE CONTENTS OF THE ERROR 
ADDRESS* REGISTER IN THE MBOX IS HELD, 



DIA 



PAR 



ERR 



DIA 



SSUS ERR 



DIA m EVEN ADR PAR h 



WHEN TRUE THE MBOX CALCULATES EVEN 

ADDRESS 

PARITY ON EBOX INITIATED WRITE CYCLES 
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OIA WR EVEN Qkfk wm h 



AND 

ODD PARITY ON khh OTHER MfMQRX CYCiiiS, 
WHEN FAtSE MBOX CALCULATE^ 000 ADORESS 
PARITY OH Al^I. MEMORY QYChtB 

wmn mm the mox. ohhcuhhits e?e« ©At a 

PARITY ON EfiOX IMJTlATED WRITE CYdiES 

AND 000 PARITY QH khh OTHER MEMORY 

CYCLES, 

WHEN FAIrfSE MBOX CAt^CUliATIS ODD OAf A 

PARITY 

ON hhh MEMORY CYCliES, 

TO REOUEST A MAP CYCfcE, THE IBOX MUST ASSCRT fiSOX MAP AND gSOX 
READ 

REG, THE FOl,i.OWING QWAfclFIERS ARE PO0SI»|,E FOR A MAP CYCi»El 
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flfhU DlfFEREWCES SETWEEN BREADBOARDf PROfOfIPE, PROOUCTIOfJ 
MACHINES • REV J 

SfAfUSS fHIS APPENDIX DESCRIBES fHE CURREI^f PliAKNEO 
OirFERENCES BEfWEEN fHE iREAOBOARt) MACHIME AND THE 
PROTOTIPE MACHINE, IT IS A SUMMARY Of THE MEMO, WOSE 
ENDS • PART I, T, HASTINGS, 18 OEC 73, IT WIl,i, BE 
REVIEWED 13 «AR 74 AT THE llOO ?,», KtlO STEERING 
COMMITTEE MEETING, 

Fll.ei [EFSICHASOl.SPC 

POM #t 200*200«007»00 

DATEJ § MAR 74 

SUPERSEDED MEMOS! NONE 

ENGINEERS A. KOTOK, T, EGGERS, R, BEID, V, KU, P, 
SULl^IVANrB, WAI^TON, P, GUGl.IEli*MI 

APPROVED! T, EGGERS, R. REID, V, W, P. SULIilVAN, P, 
GUGLIEI^MI, A, KOTOK 

EDITOR! T, HASTINGS 

TXPISTI I^. MQWZhh 

REVIEWED* 

ABSTRACT 

THE BREADBOARD MACHINE IS BEING CHECKED OUT, THIS APPENDIX 
DESCRIBES THOSE FEATURES WHICH ARE NOT IN THE BREADBOARD SWT 
ARE PI^ANNED FOR THE NEXT LAYOyT WHICH IS THE PROTOTYPE MACHINE, 
THE PURPOSE OF THIS LIST IS TO MAKE SURE THAT WE HAVE AGREEMENT 
ON THE SCOPE OF THE PROTOfyPE BEFORE IT STARTS RBLAYOyTS, 

REVISION HISTORY 

REV DESCRIPTION CHG NO ORIG DATE APPD BY DATE 
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1, SACKGRQUNO 

THE KI, BNGIMEERIWG GROUP IS 0ESIGNIKG FOUR VERSIONS OF THE 
MACHINE J 

1,3 BREADBOARD • POWEREB ON 2& FEB 74 

2, S PROfOfyPE •• KgXf REWTOUf 

3, 7 PRE»PRODUCTIOM MACHINES 

4, N PRODUCTION MACHINES 

ORlGINAI.I,y ONty THREE VERSIONS i^ERB PLANMEOI PROTOTYPE, 
PRE»PROOUCTIO«, AND PRODUCTION, HOWEVER, THE PROTOTYPE WAS 
RENAMED BREA01OARD WHEN IT WAS DISCOVERED HOW HANT FEATURES AND 
CAPABILITXES WERE MISSING, THIS APPENDIX AMD TME SUPPORTIIIG 
CftAPTERS OF THE FUNCTIONAl, SPECIFICATION Wlhh HELP PREVENT 
FURTHER SURPRISES AND RESULTING REVISED SCHEDULES FOR TME 
PROTOTYPE, IF WE DO A GOOD JOB OF MRITING DOWN OUR GOALS AND 
SPECIFICATIONS, WE SHOULD BE ABLE TO MINIMIZE THE FUNCTIONAL 
CHANGES BETWEEN THE PROTOTYPE AND SUBSEQUENT MACHINES, T8E 
ONLY CHANGES WILL COME FROM SERIOUS PROiLEMS FOUND WHILE 
CHECKING OUT HARDWARE AND SOFTWARE, 

2, FUNCTIONS TO BE INCLUDED 

THE FOLLOWING LIST OF MAaOR LOOSE ENDS DESCRIBES THE ONES THAT 
WE ARE COMMITTING TO BE IN THE 1080, 2040, AND 2020, THE 
PURPOSE OF THIS SHORT LIST OF MAaOR ITEMS IS tO BE USED IN 
FIRMING UP THE REVISED SCHEDULE FOR DESIGN AND LAYOUT OF THE 
PROTOTYPE MACHINE, THIS LIST WILL BE GIVEN A WIDE CIRCULATION 
FOLLOWING REVIEW BY KLIO ENGINEERING SO THAT WE CAN AGREE ONCE 
AND FOR ALL WHAT MAaOR ITEMS ARE AND ARE NOT GOING TO BE DONS, 
THIS WILL PERMIT US TO MAKE UP A REALjSf IC SCHEDULE WITH 
MINIMUM CHANCE FOR SURPRISES, MINOR LOOSE ENDS NOT APPEARING 
ON THIS LIST DO NOT MEAN THAT THEY WitL NOT BE DONE, FOR 
PURPOSES OF ESTIMATING MAN-POWER, THE SMALL ONES HAVE BEEN 
GROUPED TOGETHER ON THE FOLLOWING LIST, 

THE FOLLOWING TABLE SHOWS FUNCTIONS THAT ARE MOT IN THE 
BREADBOARD MACHINE BUT ARE PLANNED FOR THE PROTOTYPE, 

LOOSE END # MAaoR LOOSE ENDS 

If A3 MICRO CODE INSTRUCTIONS LEFT TO BE 

CODED, . . 

2, A8 DK20 (SLOT ALLOCATED) 

3, A9,AU IMPROVED PAGING, 



1080,2040,2060 ENGINCERINa FUNCIIONAI. SPEC CHAP A, I PAOE 3 
DirrERENCES BREA0BOA«D, PROTO,, PRO0, MACHINES • RE? I 

4, A25,A35,C13 POWER FAII,, POWER SUPPLX REVIEW, 

5, A30 MEMQRlf ERROR INFORMATION t | BREADBOARD I 

INCLUDED BUt SOI^E PROil^fiMSJ 

ADDRE3S PARlTf ERROR ON; 

INf, MEHQRf READS 
IfJT, MEMORI WRJfES 
EXf, HEMORI READS 
EXT, MEMORSf WRITES 

DATA PARITY ERROR QN| 

INT, MEMORY READS 



INT, MEMORY WRITES 
6, CI PARIfl 

E80XI 

1, TRAHSFERS FROM MBOX 

2, TRANSFERS FROM FAST MEMORI CIE. 
AG'S) 

3, TRANSFERS TO ARf ARX 

4, OATAI, BYTE INPWTS FROM DTE20 

5, DATAO, BYTE OUTPUT TO 0TE20 
M»OXJ 

1, CACHE DATA RAMS 

2, CACHE ADDRESS STORAGE RAMS 

3, PAGING RAMS 

4, CHAKIIEL AND C8US DATA 

3, INTERNAii DESIGN LOOSE ENDS 
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CHANNEl. DESIGN AND MBOX . WORK t06EfHER, 

MICRO CODE SIMUI.ATOR, 

MICRO CODE SIMUliATOR •ADD INSfRUCflON 
TIMING. MARKiTlNG SUPPtlfING MANPOWER, 

GAfe liEVEl, SIMUliATOR 

MASSWIS EliECfRICAfc MARGINS, 

BOARDS OVERCROWEDl MO ROOM FOR gCOS, 

STUBBING PROBIiEMS, 

EBOS OViRfcOADiO. 

SIZE or MICRO-CODK STORE 1024 OR 1280? 

MISCEIiliANEOPS SMALl. LOOSE E»DS, SEE 
LOOSE EKDS - PART 1, f, HASTII4GS, 18 

DEC 73, 

20§0 NO SPARE SLOTS LEFT , 

PI FOR DTB20 (RB««OPEN QUESTION NOW 
THAT RESCHEDULE tf AS OCCURRED), 



4, FUNCTIONS TO BE INCLUDED IF ROOM IN MACMINI AND/OR 
MICRO^COOE AND AFTER REVIEWED AND APPROVED 

It A4 MICRO<ODE FOR SUftROUTlNE CALLING 

INSTRUCTIONS, 



5. FUNCTIONS NEVER TO SE INCLUDED 

THE FOLLOWING TABLE SBOWS FUNCTIONS OR TASKS WHICH ARE NOT IN 
THE BREADSOARD MACHINE AND ARE NOT PLANNED FOR km SUiSEOUENT 
VERSION OF THE MACHINE, ITlSaUST AS IMPORTANT TO APPROVE 
THINGS THAT ARE NOT GOING TO iE DONE, AS IT IS TO APPROVE 
THINGS THAT WILL BE DONE, 



1. 


C2 


2, 


C3 


3, 


C4 


4, 


C5 


s. 


C6 


6, 


CiO 


7. 


CH 


8, 


C12 


^, 


A38 


10, 


XI 


11. 


XX 


12, 


XX 
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♦#EN0»# USER MCCARtHY JOB CHOSOl 5EQ, 1949 DUfE 3»0EC»'76 iSs3il2l 

MONITOR 5S5 LCEG SfSTEM, TOPS^20 MONITOR IB ♦#ENO#* 

»#END#* USER MCCABTHlf JQ8 CHOSOl SEQ. 1949 OAfE J-DEC-Tt* J5J39f21 

MOSITOR 555 KEO SYSTEM, TOPS-20 MONlfOR IB »#END#» 
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15U2J54 

15ll2?54 

15ltSl43 

15USS48 

15I15S49 

1SU5J57 

JSU6S31 

J5U6S3J 

15U6I52 

IS 1 1§ J 52 

iStl7s38 

15117139 

i5U7s50 

15U7ISI 

15j19;00 

i5n9t47 

lSn9«48 

i5s2ll40 

15S2U42 

15S22!05 

15I22S31 

15l22s32 

15823135 

i5s23?39 

1S|25S05 

15S25S07 

1SJ25|13 

15t26s08 

lSt26J09 

15s26l28 

15S26J29 

15t27s39 

1SS27«39 

lSr28Sl8 

15129119 

15129119 

1SI30I08 

15130109 

III 31 124 

15131158 

15U1S59 

i5:32«4i 

1SJ32|48 

15I32S57 

15132157 

15 t 33s 25 

lSl33l25 

1SJ34I25 

15l35tl2 

15S3SS13 



hPDkt 
tPOAT 
liPMSG 
iPMSG 
hPmG 

hm&Q 

liPMSG 
liPMSG 

hpmG 

itPMSG 
LPMSfi 
IPMBQ 
liPMSG 
IjPMSG 
fcPMSG 
JtPMSG 
l^PMSG 
I^PMSG 
I«PMSG 
I.PMSG 
I^PMSG 
I.PMSG 
l^PMSG 
liPMSG 
IbPMSG 
X.PMSG 
liPMSG 
l#PMSG 
fcPMSG 
I*PMSG 
liPMSG 
IiPwSG 
jyPMSG 
i^PMSG 

wmQ 

I.PMSG 

wmG 

I.PMSG 
I«PM5G 
l^PMSG 
IiPMSG 
I.PMSG 
LPMSG 
LPMSG 
I^PMSG 
LPMSG 
I.PMSG 
l*PMSG 
tPMSG 
l^PMSG 



Cl.PTl.Sa 
fLPTSaS 
CliPTSTf 

CLPTrPr 

tlfPTSTr 
tl^PTCPf 
Cl,PTrPF 
tl^PlSTf 

ihPWPf 

aPTSTF 

CLPTFPP 

CI.PTSTF 

CI^PTFPF 

(LPTSfF 

tl^PTCPT 

CLPTrPF 

H,PTStF 

tliPTFPF 

tliPTSTF 

tfcPTCPT 

tliPTFPF 

fliPfSTF 

CliPfFPf 

CI^PTSTF 

ti^PTrPF 

CiPTSf F 

CtPTCPT 

tIjPTFPF 

tLPTSTF 

CliPTFPF 

tI,PTSfF 

liiPfFPF 

tLPTSTF 

tJ^PTCPT 

Cl,PTrPF 

aPTSfF 

tt/PTFPr 

CliPTSTF 

II<PfCPT 

CliPTrPF 

tLPTSTF 

tl^PTFPF 

(IjPTSTF 

tIjPTFPP 

CLPTSTf 

tl^PTFPF 

tl,PTSTF 

tl^PTCPT 

aPTFPF 

tliPTSTF 



CREATED AT I 



CQ 



liPfSPI, VERSION 102{222&3 RISING 0« ptPfO, 
STARTING JOB CHOSOl, SEO #1949, REQUEST 
STARTING FILE DSKS<ErS>CHOsOl, MEM} 

FINISHED PRINTING FILE DSK|<EFS>CH0S01 .MBM^ . 
STARTING FILE DSK|<EFS>CH0S02»MEMJ ' 

CHECKPOINT TAKEN DURING FILE OSKl«EFS>CH0SO2, MEM, 
FINISHBO PRINTING FILE DSK|<EFS>C«0S02,MEMj ^ 
STARTING FILE 0SKI<EFS>C«1SO1,ME«J ^ 

FINISHED PRINTING FILE 0$Ki<EFS>CHlS01 ,«E«J 
STARTING FILE 0SKl<EFS»CHlS03,MiN) ^ 

FINISHED PRINTING FILE DSK j <EFS>CM1S03,M1«J ^ 
STARTING FILE DSK|<EFS>CHIS05.MEM| B 

FINISHED PRINTING FILE DSK j<iFS>CHlSO|,MIH j ^^ 
STARTING FILE 0SK?<EfS>CHlS06,MEMl ^1 

CHECKPOINT TAKEN WRING FILE OSKS<EFS>C«lS0i, MEM, .& 
FINISHED PRINTING FILE DSK8<eFS>CHlSO&,MiM3 ^i 
STARTING FILE 0SKf<EFS>CH2S02,MEHr ** 

FINISHED PRINTING FILE 0SK|<eFS>C«2S02,MEMJ 
STARTING FILE DSKS<ErS>CH2S03.MEMl ^ 

CHECKPOINT TAKEN DURING FILE DSKs<EFS>CKaS03»MEI«#"o 
FINISHED PRINTING FILE DSKf<BFS>CH2S03.»EMj 
STARTING FILE DSK J<EFS>CH2S06,MEW3 ^, 

FINISHED PRINTING FILE DSKj<KFS>CH2S06,»EM} ^1 
STARTING FILE DSK|<EFS>CH2S07.MEMJ § 

FINISHED PRINTING FILE OSK|«£FS>C«2Sl7,»i«i . 
STARTING FILE DSKt<EFS»CH2$08, MEM) ' 

CHECKPOINT TAKEN DURING FILE DSK|<EFS>C«2S08,«EM, CO 
FINISHED PRINTING FILE DSKj<EFS>CH2S08,MEMJ 
FILE DSKl<EFS>CB2509,MEM3 
PRINTING FILE OSK|<eFS>CM2S09,MEMJ 
FILE OSKi<EFS>CH2SlO.Mi«3 
PRINTING FILE OSKj<£FS>CH2SlO,«EMJ 
FILE DSKjCErS>CH2Sl2,ME«] 







STARTING 

FINISHED 

STARTING 

FINISHED 

STARTING 

CHECKPOINT TAKEN DURING FILE DSKI<EFS»CH2S12,MEM,^ 

FINISHED PRINTING FILE 0SKj<£FS>CH2SI2,MEM| ^ 

STARTING FILE »SKl*ErS>CH2Sl5,MEMJ 

riNISHED PRINTING FILE OSKs<eFS>CH2S15»ME«3 ^ 

STARTING FILE DSKl<EFa>CH2Sl7.MEMJ • 

CHECKPOINT TAKEN DURING FILE DSKJ<EFS>CH2S17. MEM, CO 

FINISHED PRINTING FILE DSK»<BFS>CH2S17,MEMj 

STARTING FILE DSK|<EFS>CH3S04.MEM3 

FINISHED PRINTING FILE OSKs<EFS>CH3S04,«EM3 

STARTING FILE DSKS<Ers>Cil3S06,MEMJ 

FINISHED PRINTING FILE OSKj<iFS>C«3SO§,MEM3 ' 

STARTING FILE OSKj<ErS>CH3S07,»EMJ 

FINISHED PRINTING FILE DSKS<tPS>C«3S07,MEIIJ 

STARTING FILE 0SKt<EFS>CH4S01,«lMi 

CHECKPOINT TAKEN DURING FILE 0SKl<BFS>CH4SOl,l«iMt CO 

FINISHED PRINTING FILE 0SKs<eFS>C«4S01,MEMJ 

STARTING FILE DSK«<EFS>CH4S03.M1MJ 



15J37I33 
15 S 37s 49 
15S37J50 
15s 38 1 17 
lSt38sl6 
15S38S33 
15138 8 35 
1SS39S12 
lSi39st2 
15I39I20 
15S39S21 



liPMSG 

hPmG 
tPMsa 

IPMSG 
liPMSG 
t.PMSG 
i:.PMSG 
IfPMSG 
I*PMSG 
LPMSG 
tPSUM 



CI.PTCPT CHECKPOINT fAKEN DURING FH<E DSK$<EFS>CH4S03,MEM, CC 

CliPTFPF FINiaMED PRINfING FliE DSKs<EFS>CH4S03,MEMJ 

[LPT5TF STARTING Fllii 0SK8<EFS>Cfl§SOU«EMJ 

EfcPTFPF FINISHED PRINTING FILE 0SK|<£FS>CH5S01 ,MEMJ 

CtPTSTF STARTING FILE DSKS<EFS>Ca5S02,«EMJ 

CLPTFPF FIKiaHED PRINflMG FILE 0SK|<EFS»CH5S02,MEMJ 

fLPTSTF STARTING FILE OSK|<EFS>CH5S04,MEHJ 

iLPTFPr FINISHED PRINTING FILE DSK|<iFS>CH5S04,MiM3 

tLPTSTF STARTING FILE 0$KS<EFS>CMA5Oi ,MEMJ 

CLPTFPF FINISHED PRINTIfIG FILE DSKjCEFSKHASOl .MEMJ 

SPOOLER RUNTIME 39 SECONDS, 592 PAGES PRINTED 
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l2345e789oi234$67890l234S67890U34567890l234Sfc7890l2345678fOl234567890l234Ab7 

##END#« «S£R MCCARTHf JOB CHOSOl SEQ, 1949 DATE 3.0EC-76 15S39s2l 
MONITOR SS5 LCEG SIfSTEH, fOPS»20 MONITOR 18 ##END«# 

*»END»# USER MCCARTHir JOB CHOSOl SEG, 1949 DATE 3«0EC*76 15s39l2l 
MONITOR 5S5 LCEG SYSTEM, fOPS»2a MONITOR 18 ♦»E«D## 

«#END»# USER MCCARTHy JOB CHOSOl SEO, 1949 DATE 3-0EC»76 i5s39821 
MONITOR 55S LCEG SYSTEM, TOPS»20 MONITOR IB #«END## 

«*ETO»* USER MCCARTHK JOB CHOSOl SE«. 1949 DATE 3*OEC-76 ISS39I21 
MONITOR 555 LCEG SYSTEM, TOPS«20 MONITOR IB ##EN0«# i^.^^s^i 

Mn!!S^!* f®^^^^^*^''"^ ^^^ *^«^^^^ SEQ. 1949 DATE 3»DEC*76 15i39s2l 
MONITOR 555 LCEG SYSTEM, TOPS*20 MONITOR IB #*END## 

»#END#» USER MCCARTHf JOB CHOSOl SEQ, 1949 DATE 3.0EC-76 15s39!2i 
MONITOR 555 LCEG SYSTEM, TOPS-20 MONITOR IB##EN0»* 

#«END#* USER MCCARTHY JOB CHOSOl SEO. 1949 DATE 3-0EC»7e I5l39s2j 
MONITOR 555 LCEG SYSTEM, TOPS*20 MONITOR 1B»*END## 

*#EN0## USER MCCARTHY JOB CHOSOl SEO, 1949 DATE 3»DBC*76 lSS39l21 
MONITOR 555 LCEG SYSTEM, TOPS*20 MONITOR li ♦*END»# 

»#END*# USER MCCARTHY JOB CHOSOl SEQ, 1949 DATE 3-0£C»7& 15 S 39121 
MONITOR 55S LCEG SYSTEM, TOPS»20 MONITOR IB *#ENO## 

«#END»* USER MCCARTHY JOS CHOSOl SEO. 1949 DATE 3«DEC*?e I5t39l2l 
MONITOR 555 LCEG SYSTEM, TOPS-20 MONITOR IB »*END** 

**END»# USER MCCARTHY JOB CHOSOl SEQ, 1949 DATE 3-DEC-76 15s39t21 
MONITOR 555 LCEG SYSTEM, T0PS''20 MONITOR IB #*END*# 



#»END»# USER MCCARTHY . JOB CHOSOl SEQ, 1949 DAT! 3-DEC-7& 15139121 
MONITOR 555 LCEG SYSTEM, TOPS-20 MONITOR IB **END## 



